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User's Guide

This bibliography has been prepared to serve an a quick reference
souvce for materials avallable In the areas of economic and cost angly-
sin. Bntriec are arranged in alphabetical orvder by title. Additions
will be luserted in order and page indlcators assigned alphabetically
(Lor exampler 9, 9a, 9, 10), This will allow additions rv be made ns

moere materials are published, Entried are organized {u the following

format: title (and mpubtitie)
author(e)

place of publication, publisher, yeer uf publication,
number of pagen
ref erence numbevs

abstract, summavy, or brief description

breakduwn by chapters or divisions

Tha reference numbers {nelude, whevever possible, the AD numbar, to fa-
cilttate ovdertng the doo ment Yrom the Defonse Documentation Center.

e breakdown hy chapters wen usud to allow quick vefarenuing of the to-

i

pien covered tu Lo wovke,  fudexes are indicated to allow a more detalled

pearch for spectile TLons of hidevest

e foadex ut the wnd ol the bibliography atves entries, by page nume

bor, of soma ot the wost frequently relecenced toplen.




Instructions for Ordering Publications

When ivailable, the Office of the Director of Cost Analysis
! makes an initial distribution of new Economic and Cost Analysis
publications which are sponsored by the Office of the Aseistant
Secretary of Defense or Department of the Arny. The Director of
Cost Analysis dves not stock ertra coples of these publications
after the inttial distributien hes been completed, Many of the
publications described in the attached Bibliography may be ordered
from the Defense Nocumentation CGenter (DDC), Cameron Station,
Alexandria, Virginla 22314, When ordering from DDC, cite appro-
priate AD number if available, and include appropriate paymont,

s The sarvice charge for most of the current ptblications stocked
. at DbC is $3.00.

This Nibliopraphy was prepured primarily for relerence purpuses

i and it ls not Intended or Implled that every Iconomic and Cost
g Analysie Ofrice should have access to all of the publications listed.
b The Follewing publications ars endorsed hy the Divector of Cost

1 Analysis, Office of tho Comptroiler of the Army:

Cost Conailderations In Systems Analysis

s Filsher, Gene H, (RPand Corporation) (Page 27) (Note 1)

t

' ? Costing Methodnlogy Handbook

Mrectorate of Coat Analysis, Comptroller of the Avmy
(Fago 43) (Note 2)

Guidebook for 3ystems Analyais/Cost Etfectiveness
ARINC Reseavch Corporation (Pays 90) (Note 3)

An Intreduction to Equipmant Cost Estimating
Batcheldor, CiA. ¢ HJE. Boreny H.G. Campbelly J.A, Del Rossiy !
J.P. Large (Raud Corporation) (Page 99) (Note &)

Nota 11 ITndtlal distyibution has been completed., Fublication 1s
not availuble at DDC, ANuthorieed Government Agencles )
way obtain pnblicacion from RAND Govporation. Taxtbook
way alao be purchaned frem the American itlaevier

Pabl{shing Company, lue, 52 Vanderbilt Ave, New York,
MY, 20017,

Note 20 dultilal distvibution hau baspn complatad,  Publlcation s \
avitllable at DOC,

’ vit I
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| q’ Note 3: Publication is availabla at DDC, Publication is also
i avallable as AMC Pamphlet AMCP 706.191, entitled:
"Faginearing Design Handbook - System Analysis and
Cost-Effectiveness", April 1971,

; Note &4: Available {rom RAND Corporation or from DDC. It is

: plenned to update this document and republish 1t in
lovse-leaf form, Initial distribution wil) be made
when it is received,

T
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Analysis for Financlal Declsions
Beranek, William

Homewood, Richarvd D, Irwin, 1963, 4B0 p.

The objective of this book 1s to provide the student with a baslc !
I framework for the systematic analysis of financial problems. To :
: thias end, we =eek (a) to set forth the central issues involved In
the fundamental problem arveas of {inancial administration, and (h)
to develop tools, techniquus, und insights which are relevant and :
useful for solving these problems.

I, Introduction.
11, Goals, Declsions, and Models.
111, Rationing of Resources: 8inple-Periuvd, Single~Froduct Projects.
IV, Rationing of Resources: Two-Product Projects.
V. Rationing of Resources: Multiple Periodu
3 VI, Multiple Period Projects: Risk and Uncertainty.
s VII, Supply of Resources,
VII1. Long~Term Financing and Maxiwizing the Market Value of Comwnon
Stock.
IX, Capital Structure and Riak,
X. Recetivables aund Crudit Policy.
X1, The Cash Balnnce.
X1, Simulation,
XIIl, Ulnear Programuing and the Simplex Method.
X1V, Multiperiod Analysls and Linear Programming.
Appendix A. Cumulative Normal Distvibution,
Appendix B, Table of Random Numbaers,
Index.

b




N s Aeaat 1] B e MRS T

F‘ FLam i L st | e e

Analysis for Military Decisions
Quadﬁp E.8., Editor

Santa Monica, The Rand Corporation, 1964, 382 p.
Rand No. R-387-PR. AD 453 867,

A raport prepared for United States Aiv Force Project Kand; Concerned !
with the origin and development of the gystems analysis approsch and

it9 relatiuvn tov national security planning, the elements and methods

common to all systems analyses, and apecial aspects., Part 1

ovientation (chapters 1-3)) Part 2t elements and methods (chapters 4~B)y

Part 3: special aspects (chapters 9-16)y Part 4: summary (chapter 17),

I. 1Introduction (E.S. Quade).

11, Analysis for A{r Furce Deciaions (C. J. Hitch).

11I. The Selection and Use of Strategic Alr Bamear A Case Higtory

(E. 5. Quade). :

IV, Tha Why and How of Model Building (R, D, Specht): vrelavant
factora) quantifiable factors; aggregation| guanti{fying
relations berween elsments; model building and the real world,;
human judgment,

V., Criterta (R,N., McKaan).

VI, The Relavunce of Coats (Malcolm W, Hoay).

VIL. Analyatis and Design of Conflicting Systems (Albert Wohlstetter),

VIII, Methods and Provedures (E,8. Quada)r formulation; search;
explanation; interpretation,

IX, Technological Considerations (R, Schanberg): payformance
parvameter) ataty-of-the-art pavametors; aculiog lawa; optima
and constraintey rvellabilicy conuiderations,

X. Assumptions about Knemy Behaviov (1,(¢, 8Schelling).

Xl. Gaming Methodw aud Applications (M.G. Welner),

X1V, SHtrategles for Development. (W.H, Meckling),

X111, Mathamatice and Systems Analysts (F,H, Quadae)t linaar
programning) Monte Carlo) theury of gamesy the computery the
role of mathematicy,

XIV. The Use of Computers (Faul Armeyv),

XV, Costing Methods (0.H, Fieher and the Btatl of the Rand Cowt
Analysta Dupartmant)r  individual systorn, investment aosl
opatvating cost | R&D coaty total foraw soouctureg) Invremental
aonting and long-tara povogrammingy miasion and other lavala
semattivivy, timeliness, and clartty) vort categoving) cont-
auwnsicivicy analyalsy prasentat lon ol vesiudts,

XVE. Minfuila in Hywtema Anadyeta (B8, Quade)r  tarmudatlon) nenrchy

explanationy Interpretat lon,

XVIE, Recapttularton (B8, Quada),

Appandix A, An Intreductdon to the Lunav Wew Proablam (KW, Pandon),

Appendin W, A Miwalle Compay thon (Ko, Quade.

Mibl togvaphy.

Index,




An Analytical Estimation of Syastem Cost Unrcertainty
Schlenker, Guorge

Rock 1sland, U8 Army Weapors Command (Weapons Operations Research
Office), 1967, 28 p.
Technical Note 67-3.

Abstract: "The method preposed for producing s probability distribution
uf ayntem cost requires that the system cost be a sum of component

costa each of which 1e uncertain, These uncertain inputa are assuned
fit by betn distvibutions,  Fhe statistf{cal moments of the disiribatton
of uygtem cost are obtained from the moments ot the input distributions
hy a recursive procedure. . Uinally, the system cost distribvtien is
ayr.thesigod from {ts moments uaing orthogonal polynemials. This

method s gquite efticient for computer operation and avuelds leungthy
Monte Cavlo vruns, An exanple Ls given. The FORTRAN progeam is glven,tt

Abrtract,

Gloanary,

An Analdytical Estimation of System Cost Uncertainty,
Typrn of Bata DMstyibution Usad in Coating.

An Uxpmple,

Raferencer,

Gompur ey Programs.
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& Aunotated Bibliography of Coust Analysis Resanrch Documentn Prapared
‘ by the Economic end Costing Deparimant
“ Regsearch Analy#is Cuxporaetion
' McLean, Research Aunalysis Corporstion, 1967, 13 p,
L
L'_: Introduction,
_I," Cost Eatimating Relations,
‘ Models.
hpplicationsg.

Orientation and Guidelines,
Raview of Avmy Pyratice,
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% “5. Annotated Bibliography on Syatems Cost Analyuis

; DonVito, P.A,

E Hauta Monica, Tha Rand Corpovativn, 1967, 80 p.

% Rand Memovavdum RM-4648-PR, AD 810 310.

% The bibllography includes hooks, pamphlets, articl s, papsrs, and
2 technicenl and rvasearch memoranda, Written mat. rilaly caryy Loy wecuraity
| clasnifdcation have not baen included, A brief ascription of the
Q nature and content of eanch work s presented. Weyks are dlated by
ﬁ authov, alptabetically, und2r wajor areas of 1ot 1 -pt.

\

): Urefacu,

1, Cost Analysis for Purposes of Bystine Avsdyeis,
11, Coat BEstinating in Military Planning.
ITee Program Budgoting,
1V, System Definicion.
V. Gost Cataguriea.
VI. Cost Flementa,
VI, Cost Batimating Relationships and Methodology,
VITI. DNata Requirements.
IX. TIadividual System Analysis,
X+ Total Force Structure and Program Annlvais,
‘v Models.
X11., Uncertainty and Special Problers,

]
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A Annotited Coat Analyate Bibliography
{eat Aonnlyals DMvision

Fort Mowmout':, US Army Electronica Command, 1967, 216 p,

Wihe purpose of thin publication La to make available to management
and cogv-criented analyats, information about documents catalogued
in the Cost Analysis Division, Comptroller and Director of Programs,
o the zoncepts and techniques of cost analysals., To expedite thie
chiective, hrolef aummaries have been provided for each document.
Ligted docum nts are available to all membera of this commaud fov
renpared aild refarence purposes.!

1. JYoderest numerical listing; alphabetical listing; subjact
listing (guidelines and orientation, coust estimating relationships,
sustems snalysin and cost effectiveness, mathematical models
avud applications, tables and cost data).

IF. Synopsas.

111, Bibliograpley.
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L An Application of Dynamic Programming to Cost-Effactiveness Studies
: Sacco, William; Palmer Schlegel; John Wortman
Aberdeen Proving Ground, Ballistic Research Laboratories, 1963, 16 p.
i BRL Report No. 1217, AD 425 743,
H
i Abgtract:t "A mathematical model has been developed for use in

conducting cost-effectiveness studieas, wherein the oblective ¢f the
study is to cetermine alternative fawllies of fire support weapous

which will provide a glven level of effectivenesy for minlmum weight
and cost,

—

Intenduction,

Statement of the Pyoblem,

Dynamic Progvamming Formulation of the Problem.
An Tllustrative Example,

Discussion.

e e e i et
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Applied Dynamic Programming

Bellman, Richard E. and Stuart E, Dreyfus

Princeton, Princeton University Press, 1962, 363 p.

Rand No. R-352.PR, \

Summary and Introduction,

I. Onc-Dimensional Allocuation Processes: introduction; verbal
description of the allocation process; construction of &
mathematical model; discussion; calculus; difficulties;
conclusion; SLns4t1 ity analysis; dynamic programing; functional
equations; the' principle of optimality; a direct derivation;
discussion; computational scheme; nonuniqueness of maximum;

. dynamic programming versus direct enumeration; what difficulties
have we overcome; flow chart for general allocation process;
numerical results; a useful device; stability; a cargo-loading

g process; mathematical formulation; discussion; recurrence

: relations; discussion of computational procedure; reliability |

of mulcicomponent devices; reliability vie component duplication;
a mathematical model; parallel operations; corclusion.

II, Multidimensional allocation processes: introduction; al'ocation
processes involving two types of resources; recurrence relations;
allocation processes two types of constraints; recurrence
relations; computational aspects; the flyaway-kice problem; -
stochastic aspects; dynamic programming approach; computational K
procedure; the lLagrange multiplier; geometric origin; reduction '
in dimensionality; equivelence of variational problems; ;
pytamided problems; muliidimensional policy space; reliabilicy
problem;\tranqportation process; difficult crossing probluus.
I1I. One Dimensional Smoothing and Scheduling Processes: mathematical

formulation; functional equations; the catersr problem;
inventory problems. !

IV, Optimal Scarch Techniques; unimodal function; Fibonacei numbers;
golden mean, zeroes of functions; functional equations; defective
coin problem; two coin problem.

V. Dynamic Programing and the Calculus of Varlations: 1isoperimetric
problems; necessary, natural boundary, Legerdre; Weierstrass,
transversality, Erdmann corner conditions; basic nonlinear !
partial differential, Euler, and Hamilton-Jacobi equations.

VI. Optimal Trajectories. |

VII. Multistage Production Processes Utilizing Conplexes of Industries.

VIiI. Feadback Control Processes.

IX., Computational Results for Feedback Control Processes.

X. Linear Equations and Quadratic Criteria: smoothing problems:
deterministic and stochastic cases; adaptive prediction theory.

XI. Markovian Decision Processes: aralytic formulation; computat'ohal
agpects; solution; simulation technique, connect lony with linear
programing.

L e ot

e
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XII. Numerical Analysis: polynomial approximations; orthogonal
polynomials, gaussian quadrature; stability; problems;
extensions,

Apperdix I, On a Transcendantal Curve (0. Gross): the number of

inflection points; a necessary condition for convexity.

Appendix 1T, A Nev Approcch to the Duality Theory of Mathematical

Programming (S. Drevfus and M, Freimer),

Appendix II1. A Computationul Technique Based oun Successive

( ' Approximations in Policy Space (S. Dreyfus).

Appendix IV, On a New Functional Transforw In Analysis: the
Maximum Transform (R, Bellman end W. Karush).

Appendlx V., The Rand Johnniac Computer (S, Dreyfus).

Name Index. :

Subject Index.
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An Appreclation of Systems Analysis
Hitch, Charles

Santa Monica, The Rand Corporacion, 1935, Revised, 25 p.
Rand No, ?-699,

A condensation of lectures preparxed for Alr Force nudiences and
presented to the Operetions Resenrch Society of America at the Los
Angales meeting, 15 August 19535,

Introduction,

The Development of Military Systems Analysis: force composition and
devel opment dacisions; variables; expliclt treatment of uncertainty;
explicit treatmant of uncertainty; explicit treatment of uneany
reactions} explicit treatment ot time phasing) broadening of criteria.

The Difficulties are in the Probleams.

The Positive $ider systems vengus nomsystems) analysis versus
intuwition,

Conclusion,
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A-my Force Plamring Cost Handbool

Directorate of Coat Avulyais

Washingten, Depavement of the Army, 1971, 2«89 p.

"The nurpose of the handbook is to provide type Covecast ualt
bullding block data and a methodology For force coating.

L. Explanatory Notes: dntrosuction; assumptions and Limjtations:
gloasary.
11, Basic Planning end Cost Factorst witial investment; snnual
operatingy daseriptive datay rablus,

11T, Foren Unit Summary Cos.at  diviston force egquivalent summary
peacevime custyy force unlt snwmery peacetime costay SRC
composition of divistonry,

IV, For:ze Unlt Building Block Data,

Vs
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i . Aspects of Cost and “ltility Analysis in Planning
Bryk, Oliver
: McLean, Research Analysis Corporation (Fconomics and Costing Division),
;\ 1965, 9 p.
] RAC Papuer RAC P.B,  AD 622 114,
f‘ Ula thay paper, some aspects of planuiug in preparation for resource-
! allocation decislons among alternutivas, which are genarally wmade
) under umcertainty, w1l be dlacuszed from the pragamnbic viewpotint ot
: a vracl leing analyst,  No new theory wiil be esxpounded, We will be
, couverned only with that area of economle amalysic in which the
: {uputs are not comnensurable with the mutputn,n
3 Introduction,
Input-Dueput Rulat tons,
Quantificatior
Models and Struuture,
Diaceutitod and Time«FPhasod Goate,
: Marginal Urility and Cost,
u Marginal Bubstitution,
]
f |
I
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Background, Development, and Extensfon of the Reviased Simplex

E Method, Orchavd-Hays, William
Santa Monica, The Rand Corporation, 1954, B1 p,
) Rand Memorandum RM-1433,
\
This paper i{s a shurt but comprmhensive discussion of the development
N of the present form of the simpler method,
g Forevward, }
1. Definftions and Convex Sets: introductiony convex cones as
ntervections of half-apaces; conven conws as the aum of half- i
lines) polyhedral cones (equivalence of the definitions); A
further properties and valationships; simplices nad opt imality ‘
_ problems,
$ 11, The Simplax tiethod: prefatory rvemarks; notstion; sratement of

the linear programming problem; the original simplex muthod;
the development of the saimplex method (the vevised simplex
methnd, the generalizad simplux method, tllustrati‘e axample,
a remark on cycling, the product form of the inverue),

11, SGome Results of Computational Experdencer introductsry remarks;
pre-selacting a feasible or near optimal basis; Luiroducing i
legitimate unit vectors during construction of a wodely
introductng  some (but not all) avtificlal unit vec:orsg
syntheaising unit vectors from given activities, generalined
use of elementary {(row) transformations.

IV, Parametric Variations end Post-Optimality Problems:  pavametric '

varfationny the dual problemy altering the vight hand side of
a aystam) altering the cosl vowy changes within the matring
the complete dualivad systen,

Retevencas,

P Y Y. WSy | IR | W PP P | ,ﬁ Lo
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A Beginning to Cost-Effectiveness Analyats
Viscy, Eugene P,

Mcliean, Research Analysis Corporation, 1483, 11 p.
Technical Paper RAC-CP-100, AD 422 374,

Abstract: "Thie short paper describes a micthod of cost.effectivensus
analysia developed to eraluate specific items of Avmy equipment in
mathematical terms. as part of the lavger problema of optimunm
allocation of verources, Thy medium (now tmain} batele tank was
ngelected as the leadlug Lltem on a List ol Arvmy equipment chomen for
veritically in combat!'. A linesar programming model fov the Univac
GelentiFfic 1103A computer was set up to solve the problem of maximum
combat wffectireness aubject to dollar constraints and minimum cost
subjact to maintaining selocted lavels of cowmbat effectivenans,
Comparative combat effectiveness ot US and enemy forces was consldered
to be tha product of ratios of rates of fire, probabilities of hit,
and provabilities of kill, giver hit. Later, weighting procadures
allowed conalderation of other factors. The area that gave the
greatest diffieuley (and that requires the most future cesearch) is
thut of nwasurea of effectiveness, Thar difficulty, plus the
applicstlon of a aduplified programming model, qualifies Lhe study's
product aw flludtrative vathar than Ffectuml,n

Fovewatd,

Auatract,

Introduction,

Effectiveanuss,

foat and Effectivencas Relations,
Ganeral Conplderations.

Figures,

1d
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; Bibliographical Reference of Accuracy of Coat Information for
Decinion-Making, Onsi, Mohammed

Syracuse, Syracuse Univeraity, 1969, 39 p.
NASA No, N70-21107,

"This bibliography examines the literature related to the accuracy
of cost information for decision-making, Listings ave alphabetically
by author.n

e b e

I, Introduction,

11, Pariodical References.

111, CGovernmaent Contracts,

1V, Seleacted NASA Publicationw,
V. Author Index.




Bibiiography on Cost-Benefi: Analysis and Planning-Programming-
Budgeting Pearman, Eligabeth H.

McLean, Research Analysis Corzavation, 1966, 44 p.
AD 650 904,

The citations are arranged %7 broed sudject categories and alpha-
betically bw author within ttete classifications.

Preface.

Cost-Benefit Anslysis: general; defense; health, education, and
welfare; pudblic investments; resource development; transportation;
urban development.

Planning-Pregramming-Budget ing.

Sources.



Building a New Force Structure Cost Analysis Mocel
Bradley, B.D.

Santa Monica, The Rand Corporation, 1965, 20 p.
Rand Memorandum RM-4764-PR. AD 627 611.

Abstract: "A description of a new force structure cost analysis

model being developed to advance the concept cf force structure
analysis and to facilitats {%s use in Air Force planning studles.

The nodel is designed to incorporate non-weapon gupport activities and
provide means for explicit analysis 2f their resource requirements.
The conceprs of the model and their use in the analytical process

are discussed, as well as the definitional framework devised for

it. This framework provides & two-dimensional description of the

Alr Porce. The method by which the model will accommodate both
planner and analyst i{s considered.”

Preface.

Summary.

Text: Generai; concepts; framework of the model (cost clements,
program elements, using the framework); computational structure
of the model; a look to the future.



| Bureau of the Budget Bulletin to the Heade of Executive Depavtments
. and Eatablighmentsa: Planning-Programnlng-Budgeting (kPD)
Hureay of the Buiget

Washington, Bureau of the Budget (Fxecutive Office of the President),
18 July 1967, 26 p.
BORN Dullatin 68.2,

Guidelines for lmplementation of the planning-programaing-hudgeting
pystem to be used by governmert ggencies in establishing priovitiaes

and reviewing program alternatives.

1. Purpose.

X d. 0 Application of Irstructions.

" 3. Principal Objectiver of PPB,

: i, Elementu of the Systums program mewmoranda; program and financlal
3 plang special studies.

5 Program Structure,

6. DProgram Memovatud.

7. Multi-Year Pvogvam and Financial Plan:  prysentation of futuve

v vear datay output e coabtst reconelliatlion of proyram costs to
appropriations,

) B, Sprcial Studlaea,

! 9. Timing for Mroduntion of Documents,

10, Illustrative Annual Cycle.

\ 11, Responribllity, Btaffing and Training.

) Attachmant:  Progeam Cutegories,
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? The Complate Strategist: being a Primer on the Theory of Gates

; Williswe, John Davis

‘r '

- New York, McGrawsHili, 1966, 268 p.

} I. 1Introduction,

h 11. Twu-Strategy Games.

v I111. Three-Strategy (amas,

; V. Four-Strategy Games and Laryer Ones, ;
V., Miscellany, 3

| VI. General Matbods of Solving Games. _

b Agpendix, Table of Random Digits. Solutions to Enercisre. g

§ Index. 3

:

b

E

e, e

|
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A Computerized Technique to Express Uncertainty in Advence System
Cost Estimates Sobel, S.

Bedford, The Mitre Corporatlion, 1965, 102 p.
Technical Report No, ESD-TR-63-79, AD 624 894,

5 Abstract: "The techniquu described pregents a method to express
uncertainty quantitatively in edvanced system cost estimates. In

f particular, the techniques suggest the employment of subjective

: probutility distributions, which describe the uncertainty in each

? aystem elemunt, to detevmine an approximate distrlbution for total

system cost. A 7090 program has been written to peitform the

computational operations.r

] Glecsnary.

y Preface.

1, 1Introduction: purpose; sources of uncertainty; expressing cost
uncertainty; a few early approaches to describe category 1I
uncertainties.

1I. Description of the Proposed Technique: general, limitations,
inputs provided by the cost analyst; determining uncertainty in
total costs} utilization of moments to generate distribution of
total coote.

11T, Cumputer Programt introduction; programs I, II, and 11I.

1V, Usefulness ot the Results.

V. Validity of the Resulta.

VI. Areuas of TFuture Work.

Appendix 1, Dependence amung Variables.

Appendix 2, Product of Random Variables.

Appondix 3. Momenks for the Jumn &ad Products of Independent

Variebles.
Appendix 4, Determination of the Parameters for the Approximating
Linearly Scaled Reta.

Appendix 3. Illusiretlve Exawmples.

Apprndin 6. Description of Three 7090 FORTRAN Programs.

Apperdix /. Detaills ot FORTRAN Subroutines.

Referencas.

18
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Concepts and Procedures of Cost Analysis
Large, J.P,

Santa Monica, The Rand Corporation, 1°63, 40 p.
Rand Memorandum RM-3589-PR. AD 411 554,

Summary: "This Memorandum presents the basic concepus of cust
analysis us well as certain speclalized proceduvies for estimating

the cost of patticnlar types of aquipment. It is intended to be
useful both as a vrimer for perdons unfamiliar with cost-analysis and
as a handbook for those alresdy {n the field. Thus the various chapters
differ considerably in their level wf ganerality. One chaprer, for
example, explains what an estimuting rclationship 1s, while the follow-
ing one presents & atep-~by-step 1llustration of the use of stauistical
regresslon analysis to derive an estimating relationship., Similarly,
primary miscion equipmen. is treated ‘n a geneval way in one chapter,
and then detailed methods for estimaring the cost of certain kinds of
primary migcion equipment (aircraft and missiled are presented, Other
subjects discusged at some length irclude total force structure cost
analysis, the problems of uncertainty, estimating research and
devalopment costs of large launch vehlicles, and determining porsonnal
requirsments,tt

Preface.

Summary.

1. Introduction: sysvem definition: use of dollar costs; time phasing
cost categories; an example; total force structure,

11, Total Force Structure Cost Analysis (G. H. Fisher): definition;
total force structure cost analysis; use of a cost model} ralation
to individual system.

IIL. Cost Analvsis of Individual Systems (David Novick & R.L.
Perruschell): data requirements (PME and AGE descriptive data,
operaticnal and organigational data, manuing policy duta, in-
comnission rate data, maintenance concept data, training data);
weapon system descvription - an example; cost categorileus (R&D,
investment, annual operating); investwent (installacion,
equipment, stocks, iritlal training, wmisceilanecus); anuual
operating costs (equipment and installation replacement
maintenace; training; pay and allowances; fucls, lubxlicants, end
propellants; services and miscellaneous); non-direct 2osts,

IV, An Introduction to Estimating Relationshlps (F.L. Petruschell):
data accumulatinng display forms; benefits of ERggp derivat{ion
procaedure; example.

V. Use of Ltutistical Regression Analysis In Deriving Estimating
Relationships (G.H. Fishar): Jntioduction; statement of the
problem; a linear normal :regression analysisy a rvrvilinesy
analyein: logarithmic regressiont a curvilinear analysing

19
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VI,

VII.

VIII.

1X.

1!

L .

. . 1
second degree equation; a multiple regressidn analysis;
appendix A (derivation of the normal equations for a linear
normal regression); hppendices B, C, D (student problems).
The Prohability of Uncertaiaty (G.H. Fisher): requirements
uncertainty; cost estimating uncertainty; proposals for trleatment
of uncertainty; use of adjustment factors; the summers magic
formula; cost sensitivity analysis.
Estimating Research and Development Costs of Large Launch
Vehicles (J.W. Noah). \ \

Estimatidu of the Requirements for Priimary Mission Equipment‘
(R. L. Petruschell): demand for primary mission equipment;
time phasing; use of cost~quaantity relationships; an example;
calculation procedure.
Alrcraft Alrframe Cost Estimating Techniques (J.M. Carrier &
R.W. Smith): dintroduction; examples.

X. Missle Airframe Cost) Zstimating Techniques (H.G. Campbell)

XII
XII1.

Installations (H.F, Harris): estimating methods; example.
Total System Personnel Estimating (R.L. Petruschell): prere-
quisite; general procedures; breakdown of jobs; personnel
estimating relationships; an example; calculation procedure;
persoanel data sources.

19-1
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Concepts and Techniques for Summarizing Defense System Cosus
Noah, J.W. '

Washington, Center for Naval Analyses, 49 p.
SEG RC #1. AD 624 447.

Abstract: M"jome techniques used to summarize total costs employed in
systems analyses are classified, described, and compared, Their
respective advantages and disadvantages are given, and some implica-
tions of each are brought out., Flve cost-summarlzing techniques are
selected and diztivctions between them are based on commen usage.
The procedures arc termed: five~year system cost, period outlay,
net cost, present cost, annual cost, Necessary to their discussion is
an understanding of the major types and general content of defense
; : system cost analyses, the concept of remaining value, and the principle
‘ that money has time valua. A brief section on each of these subjects
with appropriate references precedes the discussion of the methods
for summarizing costs."”

Summary.

Major Types and General Content of Cost Analyses.

Remaining Value.

Time Value.

System Cost Sumnavizing Teclinigues.

Some Ilmplicationa,

References.

Appéndix A, Tables: interest table, single payment compound amount
factors (1 + 1)} interest table, single payment present cost
factor (1 + 1)°M} declining balance factors, (1 - 1)V,

) Appendix B, Comparilson of Alternatlve Cost Streams,
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Correlation and Regression Techniques
McClosky, John W,

- o e

Fort Belvoir, US Army Managemunt School (Operations Reserrch/Systems
Analysis Executive Course), 1967, 29 p,
AD 661 836.

"In regression the variable which is being predicted L8 often referred
to as the dependent variable, and the variables used in the predicting
are referred to as the independent variables. The initial step i{n an
! investigation requires that observations be made on both the dependent
’ and independent variables. Uslng this data a relationship is
eatablished which best describes the treand of the observations between
the dependent and independent variables to make a reliable prediction
as to what the value of the dependent variable would be 1f observad.®

1, Introduction,

11. Regression in Two Variables.

II1. Correlation in Two Variables.

1V, Describing the Data.

V. Spearman's Rank Correlation Coeftficlent,

VI. Multiple Linear Regrarsion. !
- Vil. The Corrvelation Matrvix.
b VIII. Multiple Correlation Coefflcients.

'\ 1X. Geometrical Considerations.
1 X. Partial Corretatien Coefficlents,
Bibliography.

s, S L, s T
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Cost: Analysis and Methodology, Operations Research Series, Voluwe I.
A Report Bibliography

Washington, Defense Documentatioo. Center, 1967, 291 p.
AD 808 900.

"This bibliography was prepared to satisfy recurring requests for
searches for cost analysis materials. It represents a coaprehensive
compilation of unclassified reterences in the DOC collection that have
been catalogued since 1955. References in this collection are

concerned with identifying and estimating research and developaent costs
and their associated problems and possible solutions. This broad
comprehensive compilation favors cost analysis of systems and yet
provides adequate references concerning component, computer prograsming,
and planning costs, along with their associated mathematical coacepts
and treatments. This is volume 1 of a series, the other parts cof

which will be as follows:

Vol. I[IL  AD 308 901 Cost Effectiveness Analysis

Vol. V AD 808 902 Parameitric [dentification for Cost Analysis

Preface.

Abstract.

AD Bibliographi~ References.

Corporate Author/Monitoring Axency I[ndux.
Subiect ‘adex.

Persoaal Author Index.

Contract Index.

Report Number Index.



Cost Analysis for Planning-Programming-Budgeting Cost Benefit Studies
McCullough, J.D.

Arlington, Institute for Defense Analysis, 1967, 31 p.
AD 643 472.

Adapted from a paper prepared for the Financial Management and
Planning-Programming-Budgeting Training Center.

I. The Role of Cost-Benefit Analysis.

II. The Role of Cost in Cost-Benefit Analysis.

III. Features of Systems Cost Analysis: end-product orientation;
extended time horizon; incremental costing; life cycle costs;
dollars as the measure of resources; analytical approach and
statistical techniques.

IV. Steps of Cost Analysis: defining the problem; obtaining a
specific systems description; collecting data; converting
information to a statement of resource requirements; translating
to costs (catalog price, specific analog, estimating relationship,
expert opinion; learning curve); presenting cost estimates;
documenting the analysis.

V. Total Program Cost Analysis: inter-systems analysis; intra-systems
analysis; major program studies; total agency studies (incremental
costs; total program costs; annual costs; base case; use of
pregram and program element; computer model); time phasing.

Concluding Remarks.

References. .
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Cost Analysis Handbook
AMC

Washington, Consultec, 1968, 169 p.
AD 682 069.

"The purpose of this bandbook is to provide guidance and instruction
for AMC Cost Analysis perscnnel who have modest experience with the
subject of cost analysis and cost estimating and/or who may be
unfamiliar with the operations of the Army Materiel Command. To this
end, it provides a definftional framework for cost analysis and cost
estimdting and a description of the organizational framework within
which costs are utilized. It is expected that the users of the
handbook will be primarily involved in the Administrative-Decision
Making Function within AMC, supplying cost analyses and cost
estimates for decisions related to organization, equipament,
maintenance, and deployment of Army forces.”

List of Exhibits.

Foreward.

1. 1Introduction: purpose and scope; cost analysis and cost
estimating; the cost estimating sequence and perspective.

I1. AMC Cost Estimating Framework: administrative-decision making
function; rascurce administration function; AMC organizational
function; coding structure interfaces.

II1. Procedures for Cust Analysis: cost information definition
acquisition of cost information; validation procedure;

consolidaiing and structuring information; cost analysis;:
cost estimating relationships; cost analysis documentation
and presentation; cost analysis quality control checklist.

IV. Cost Estimating Techniques: cost estimating relationships;
purpose of the estimate; conditioned estimate; translation of
estimates into time-phased relationships; valtdation of cost
estimating techniques; specific application of cost estimating
in cost analysis.

V. Cost Estimating Procedure: level of estimate detail; cost
estimating schedule; sources of cost information; cost
sensitivity analysis; validation of est.mate; cost estimate
change reports; estimate documentation ani presentation; surmary
report.

VI. Organizational Implications: <cost analysis responsibilities;
basic organizational theory; AMC stalf interfaces; conclusion
relative to the cost analysis function role ian AMC.

Appendix A. Learning curves.

Appendix B. Derivation of Cost Estimating Relationships.

Appendix . Extract from Interim Report.
Arpendix D.  Basic Organization Theory.
Appendix E. Glossary.

Arcendix F. Abbreviations.

Jibliography.
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Cost Analysis Program
Headquarters, Dapartment of tlia Army

Washington, Department of the Army, 1970, 6 p.
AR 11-18,

Thias ragulation esteshblishes objactives and assighs reaponsibilities
govorning Army-wide cost analyees.

1. Purpose.

11, References.

111, Ohjectives,

1V, Policy.

V., Definitions and Functionsy cost analysis; cost/benefit analystiay
vost information system; aconomic analysis; force atruciure cost
analyaisy increwental costy Jife cycle ccat analysing sensitivity
analysis; validated cost datay weapon syntem cost atialysis,

V1. Respunaibilities of the Army Btaff,

Vii. Responnibilities ot Army Commands,

Vi1l, Respousibilities of Agencies and Harvices.

IX. Coordination Instructions,
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Cost Considerations in Systems Analysis
Fisher, Gene H. (Rand Corporation)

New York, American Elsevier, 1971, 336 p.
Rand Report R-490-ASD.

A report prepared for the Office of the Assistant Secretary of
Defense (Systems Analysis) on cost analysis aspects of systems
analysis. ©A text for the teaching of force planning cost analysis
« o » 88 8 subset of systems analysis.” The main concern: "major
resource allocation decisions in the long-range planning context.”
A listing of supplementary readings follows each chapter.

I. Introduction.

II. What is Systems Analysis?: definition; analytical process, models;
uancertainty (sensitivity, contingency, & a fortiori analyses);
time; validity; qualitative supplements; pitfalls; examples of
past applications.

I11. Concepts of Economic Cost: definition; identification, measure,
evaluation; past and fufure; relevant and irrelevant; external
and internal; minimizing and maximizing; comparing alternatives;
discounting; macro-cost and micro-cost aralysis.

IV. Introduction to Military Cost Analysis: (the ocutput side) major
characteristics (emphasis on output-oriented packages of capability;
accuracy requirements and possibilities; systemstic collection cof
data and derivation of estimating relatfonships); fixed budget and
fixed effectiveness approaches; examples (intra- and inter-
command systems comparisons, force mixes, total force structure
cost analysis).

V. The Input Side: types of input; input structures; examples.

VI. Estimating Relationships: types (simple linear forms, step
functions, multivariate functions); data problem (format,
integration, categories, temporal factors, comparability) and
spproaches (ad hoc sample surveys, experiments, adjustments to
raw data base); derivations and uses; examples.

VII. Cost Models: types (resource requirements submodels, individual

system, mission area force mix, total force); examples.
VIII. Special Topics: treatment of uncertainty (supplemental
discounting, adjustment factors, special studies, cost
sensitivity analysis); time (military context, undiscounted
costs, supplemental discount rate, residual value); wartime
costs.
IX. Systems Analysis Examples.
X. Summary and Concluding Remarks.
Appendix A: The Cpportunity Cos: Concept, an Example from the
Microeconomic Theory of the Firm.

Appendix B: The Concept of Compsrative Advantage.

Appendix C: The Theory of Maximizing Behavior, an Example from the
Theory of the Firm.

Authcr iIndedx.

Subject Incex.
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Cost-Effectiveness: An Appreciation
Quade, E.S.

Santa Monica, The Rand Corporation, 1965, 6 p.
E‘....nd NO. P"3248~\ AD 623 1050

"This paper attempts to clarify the nature and scope of cost-
effectiveness analysis and to point out its proper role as an aid
to decision-making. It discusses, in the context of national
security problems, the reliability and limitations of such analyses

and ways to improve its quality.r

Introduction.

Definitions,

The Essence of the Method.

The Limitations.

Analysis is Necessarily Incomplete.
Measures of Effectiveness are Approximate.
No Satisfactory Way to Forecast the Future Exists.
The Virtues.

The Future.

Concluding Remarks.

Bibliography.

Graph; the Structure of Analysis.
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Cost-Effectivenass: Estimating Gystams Coste

i

; MeCullough, J.D.

_ Hethenda, The Rand Jorporation, 1963, 26 p.

. Rand No. P-3229, AD 622 023,

g The vblective (a "tn discus the signifivant features and geneval

) proceduras luvolved in systims analysie, divected particularly to

t the users of cost estimater - eicher study directors who must dirvect

u team of sywtems analysts and coat analysts, or systems analysts who

must work with cost analyats,n

: Introduction,

: Features of Gost Analysis: and-product orfentation; extended time
horizon; incremental romting; l1ife cycle costs; dollars am a measure
of resourcua; the analytical approach and the ure of statistical
techniques.

Steps of Cost Analyais: definfng the problem; svllecting datag
deriving the astimate; presenting the estimate; documenting the
analyais.

Concluding Remarka.

Bibliography.

E
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Cos:-Effectiveness: Some Trends in Analysis
Quade, E.S.

Santa Monica, The Rand Corporation, 1967, 18 p.
Rand No. P-3529. AD 650-129.

New approaches to cost-effectiveness analysis are being proposed
constantly. Most are-primarily mathematical in nature, but a few
are t"directed toward a better treatment of those aspects of its
problems that cannot be handled by purely quantitative methods.”™
This paper notes three trends involving, respectively: computers,

mathematics, and the direct use of expertise. The last is described

in some detail, especially the Nelphi technique and its extensions.

30
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ongt-Eftectivenass Analyren
O!Neill, Danlel D.

Abardeen Proviag Ground, US Arny Ballistic Research Laboratoriaes, 1966,
48 p., BRL Report No. 1315, AD 63% 168,

Abhutrac.: "Methods for the conduct of cost-effectiveness studles and
forats For the presentatlcn of results are presented.t

I, TIntroduction

11, Discuseles: genoral; threat; tarvget acquistition; effectiveneas;
ittrition; weapon-target allocations.

111, Sunmary.

Refernnces.

Appendix. GCost Effectiveness Analysis - An Outline,
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Cost-Effectiveness Analysis: New Approaches in Decision-Making
Goldman, Thomas A.,, Editor

New York, Frederick A. Praeger, 1967, 231 p.

A collection of essays sponsored by the Washington Oparations Council
and one of the series in the Praeger Studies in US Economic and
Soclal Development. The papers included are ihose given at a
jymposium in Washington,

1. Introduction and Overview (Edward S. Quade): definitions; the
essence of the method; the virtues; the limitations; the present;
the futurej notes.

II, Measures of Effectiveress (William A, Niskanen): choosing
measures of effectiveneuys; the relation of defonse objectives to
national objectives; defense objectives by area and level of
conflict; measures of effectiveness Lor defense objectives; notes.

1I1I1. The Choice of Analytlc Techniques (Alfred Blumstein): kinds of

models; relationship of models to defense systens; usaes of the
model; considerations in model selection.

IV, The Use of Cost Estimates (Harry P, Haury): types of cost-
effectiveness analysis; the basic input dataj future system cost
eatimating (CERs); treatment of cost uncertainty; problems of
coat analyst-system analyst coordination; documentation; the
choice of the cost measure; selected bibliography,

V. Estimating Systems Costs (Jamus D, McCullough): features of cost

analysis; steps of cost analysis; selected bibliography.

V1. Armed Forces'! Use of Cost-Effectiveness Analysis (LTC R.S. Berg):
the operational requirement; technical trade-offs; system costs;
analysls of design characteristics; intersystem comparisons.

VII. Defense Contractor Use of Cost-Effectfveness Analysis (Hugene R,

Brusseil).
VIII. An Analysis of Tactical Air Systems (Murray Kamrass and Joseph A.
Navarro).

IX, Cost-Effectiveness Aualysis for Government Domestic Programs
(William M. Capron).

X, Cost<Effectivenans Analysls for the "War on Poverty" (Stanley M,

Bunen, Alan E, Fechter, and Anthory C. Fisher).

XX, An Analysis of Metropolitan Transpnrtation Sysioms (John F, Kalu)

XIl. The Structure of Incentive Contracts (Collim W. Scarborough).

X111, The Structure of Military Indusatrial Funds (Martin J, Balley).

Jla
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Cost-Effectiverness Optimiezation (Summary, Con:lusions, Recowmendations)
Task Group IV

Andrews Air Force Base, Headquarters Air Force Systems Command, 1965,
Volume 1, 18 p.
AFSC-TR-63-4, AD 458 5935,

Abstract: "The underlying principles associated with cost-effectivenessy
analysis are discussed, The rationale, purpose, methudology requived,
and nature of the results that can be obtafned by means of the analystia
are presented in suinmary form. Tllustrations of the type of Input data
required and the logilic associated with fts appllcations are provided.t

Foreword.

Abgtrarnt.
: I. Introduction.
. I1. Considerations in Cost~Effectiveness Analysis.
» III. Conrlusions and Recommendations.,
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: | Cosc-Effectivensap Optimigation (Tasks and Analysis Methodology)
Task Group IV,

Andrews Air Force Base, Headquarters Air Force Syatems Command, 1965,

Volume II, 160 p.

AFSC-TR~65-4, AD 462 398, \

Abstract: "This report discussus the philosophy of cost-effectiveness

and techniques for trade<off and optimization studies., It lists and

! ; discusses twelve tasks necessary to perform a cost-effectiveness

! analysis. A methodology is cutlined for identifying and standardizing

: cost and effectiveness factors. Descriptive analytical models for

‘ cost-effectiveness are provided, including discussion of thelr |
sensitivity and validity., One section defines and discusses risk and '

uncertainty and their effect on the decision making process. Tncluded

is an ertensive bibliozraphy on cost effectiveness."

I. 1Introduction: general conéepts; levels of cost-effectiveness

) analyses, ‘
: 11, Discussion of Tasks and Factors in Cost-Effectiveness Analysis, }
3 111, TInputs and Relationships: defiine program objectives, mission,

and constraints; criteria selestiong 1dent1fy and synthesize
alternatives; identify variables.

IV, Cost-Effectiveness Models, Concepts, Validation and Sensitivity:

\ mathematical formulation of effectiveness and costs; statement

‘ of the optimization problemj some possible models; model
validity and sensitivity; conclusions.

V. Development of Cost Inputs to Cost Effectiveness Models: objectives;

theory and practice; a general cost methodology; cost estimating
relationships; devéloping CERs; AFSC format for recording CERs;
the future development of costing.

VI. Effectiveness Factors for Cost Effectiveness Models: introduction; \
effectiveness factors; availability; survivability; reliability;
penetxability; lethality; other considerations.

VII, Risk and Uncertainty in Cost Effectiveness: risk, uncertainty;
use of risk and uncertainty; examples of risk and uncertainty
considerations; summary. .

VI1I, Evaluation of Alternatives and Optimization: evaluation of

individual improvement alternatives; ranking of alternatives;
determination of optimum point; model outputs for decision
support.

IX. Interpretation of Results, Sanuitivity, and Limitations.

X. Conclusions and Recommendations: discussion of accomplishments

and implementation; conclusions; recommendations.
Appendf{x I, Compilation of Abstracts from Examples of Volume III of
Task Group IV Final Report.

Appendix 11, Example of Cost Effectiveness Analysis for tha Deiinition
Phase. .

References.

Bibliography.
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Cost Estimstes as Predictors of Actual Weapon Costs: A Study of Major
Hardware Articles
Summers, Robert

Santa Monica, The Rand Corporation, 1965, 72 p.
Rand Memorandum RM-3061-PR (Abridged). AD 612 723.

Summary: "This i{s a statistical astudy of military cost estimates almed
at decreasing the uncurtainties about their interpretation and use.
Based on a sample of 68 cost estimates of major hardware articles in

22 systems, it assessos their,accuracy ap predictors of actual cost,
Section 1 describes the aims and scope of the study and presents a
detalled summary of methods and results., Section 2 presents the
statistical analysls of estimating errors, and Section 3 shows
quantitatively that the observed errors can significantly affect the
choice between alternative systems."

Preface. !
Summary, . ;
I. Introduction: aims and scope of the study; outline of methods ]
and results. '
1I. An Analysis of Cost-Estimate Chronologies: errors in nonmilitary
cost-estimating; model of the development process; preliminary
description of the data; raw measure of accuracy of estimates;
adjusted measure of accuracy of estimates; model of the develop-
ment process; hivariate analysis of t and A; the variables;
regression results; Lypothesis testing; data problems (errorvs
in measurement, randomness); ustimation of independent varialles; !
conclusiuns about learning during development; cost changes of ]

major article components; the "changing-configuration' hypothesis;
conscious underbidding of contractors.

I11. The Consequences of Cost-Estimate Inaccuracies: cost
inacduracies versus other uncertainties; system choice and
inaccurate cost estimates: bias; variance; implications for
cost-effoctiveness studies; implications for force-structure
projections,

Appendix. Examination of Three Cost-Effectiveness Studies.




Cost Factorirg System for Force Readiness Projection (COFACTS)
Wilbourn, C.R.} R.M, Burbridge; D, Cohenj K.L. Lehmann; M.L.
Patterson; J.D.H. Sidley.

Washington, Planning Research Corporation, 1968, 180 p.
PRG R-1145, AD B60 253,

Abstract: "This veport describes the analyses aund development of the
Gost Factoring System lor Force lteadiness Projection (COFACTS).

Three mathematical models were developed: a force readiness measure-
ment model, which has the unique feature of utilieing cost as a
criterion of readiness capability; a budget model, which computes
force related costs by budget program; and a cost {mpact model which
calculates cost implications of increasing or decreasing force
readinens levels. The computer system, which incorporates these
models, the resultant reports, and their applications to the various
levels of the force planning process are also presented.n

Summary: introduction; system applications; measurement of projected
force readiness} budget model; cost impact of readiness changea
COFACTS computer systemj conclusions and recommendations.,

I. Introduction: the problem; status of the problem!'s solutiony
background orientation; the COFACYS system; beyond COFACTS;
organieation of the report.

I1, Systems Application: intvoduction; the COFACTS rasource
readiness summary; the COFAQTS force budget outputs; cost
impact outputs; annex outputs.

111. Measurement of Projected Forie Readiness: general} major
assumptions} goneral methodology aystams flow; selection of
readiness measurement categories; general readiness cost ratios
individual subcategory cost factor development; aggregate
readiness level determination.

IV. Budget Model: recurring costmn; replacement training; inittal

costs} the reserve/nutional guard model.

V. Cost Impact uf Readiness Changes: iIntroduction; wmethodology.

V1. COFACTS Computer System: general}; the preprocessor; SACS;
PAMSBIM; P20A/2241; the COYFIN file; the model; implementation
procedure; current implementation status.

VIIi. Conclusions and Recommendations.

Appendix A. Example of Total Cost Implication of a PEMA Budget Cut,

Appendix B. Cost Models.

Appendix C. Glossary.

Appendix D. DPrevicus Studies of Army Force und Force/hudget
Readiness,
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A Cost Model for Use in C:st-Effectiveness Analyses of Dissimilar
Weapon Systems Westerman, e¢an F. and Ronald F. Mathias

Aberdeen Proving Ground, Army Materiel Cosmand (Ballistic Research
Laboratories), 1964, 24 p.
BRL MR 1602. AD 453 842,

Abstract: "A model is presented for the determination of system
costs in cost-effectiveness studies of dissimilar weapon systems.
The assumptions employed are listed so that an adapzation of the
model may be made to fulfill individual study requirements."

I. Introduction.

I1. General Discussion and Assumptions.
I111. Cost Model.

IV. Annex, Terms, and Definitions.
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Cost Performance Raport
Office of the Assistant Secretary of Defense (Comptroller)

Washingtou, Department of bhefense, 1970, 13 p.
DODI 7000,8,

References.

1. Purpose.

11, Applicability.

11Y. Scope.

TV, Objective,

V. Responaivilities.

VI. Implementation and Effective Date.
Enclosuve 1. DD Form 1664, Data Dascription ltem.
Attachmant 1. CPR - Work Breskdown Strvucture.
Attachment 2, CPR « Fun.tional Categories,
Attachment 3, GPR - Manpower Loading.
Attaclment 4, GPRU « Problem Analyais,
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Cost-Quantity Calculator
Noah, J.W. and R-W. Smith

Santa Monica, The Rand Corporation, 1962, 27 p.
Rand Memorandum RM-2786, AD 279 346,

Summary: "The Cost-Quantity Calculator at the back of the book is
designed to provide cost analysts with a tool for construction and
interpretation of those cost-quantity relationships usually referred
to as learning, progress, or improvement curves. The two most

common of these curves are treated here: the Log-linear cumulative
average curve and the log-linear individual unit curve. A definition
of these curves is given in the text, along with an explanation of
their differences and interactions. For practical application of
these relationships, tables of slope-quantity factors are provided.n

Preface.

Summary.

I. Introduction.

ITI. The Log-Linear Cumulative Average Curve.
I1I. The Log-Linear Individual Unit Curve.
IV. Slope.

V. Asymptotes.

VI. Examples Illustrating Use of Tables.
The Calculator.
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Cost Research Symposium (1967)
Proceedings of the Second Annual DOD Cost Research Symposium

Washington, Directorate of Budget, Department of the Air Ferce, 1967,
Veol. 1, 300 p.
AD 820 274.

Volume II contains documents classified through confidential, while
Volume III contains the one report classified Secret.

Introductory Remarks (LGEN Jack G. Merrell, Hon. Norman S. Paul,
Dr. Alain Enthoven).

Comparison of Four Approaches in Developing Estimating Relationships
for POL Consumption (Irwin L. Seidel and Jeffrey Williams).

The Measurement of Army Aircraft Flying Hour Costs (MAJ Paul P. Mehler).

Cost of Aircraft Depot Maintenance: the F-4 Case (Dr. Seymour Fiekowsky
and Arnold Schwartz).

Prediction of Life-Time Equipment~Related Repair Parts Support Cost
for Naval Ships (C.L. Karr, Jr.).

An Expansion of the Improvement Curve to Allow Its Use with a Common/
Peculiar Production Mix (William W. Baker and Jules Silver).

Estimating Aircraft Flyaway Costs by Adjusting the Conventional
Learning Curve (William W. Vardeman and Culbert Laney).

Estimating Weapon System Development Costs (Richard J. Trainor).

The Army Divisional Cost Model (T. Arthur Smith).

Off-Loading Military Supplies from Cargo Ships in Unimproved Port
Areas (A.S. Childers).

Aircraft Systems Cost and Force Structure Automated Model (Ronald S.
Feldman).

A Cost/Effectiveness Formula for Man/Machine Function Allocations
(Dr. Joe E. Willis and Marilee N. Connelly).

Variable Costs of Army Equipmeat Operation (John O!'Flaherty and
R. OtRorke).

Cost Uncertainty Analysis (William Leathwood and Frank J. Husic).

Closing Remarks (Saul Hoch, Dr. Harold Asher).

Attendees.
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e Cost Research Symposium (1968)

Proceedings of the Third Annual DOD Cost Research Symposium

Washington, Office of the Comptroller of the Army, 1968, Vol. 1, 230 p.
AD 833 207.

Volume 2 contains classified papers through Secret.

Introductory Remarks: LTG Frank J. Sackton, Hon. Eugene M. Becker,

Hon. Alain Enthoven.

Estimates of Aircraft Characteristics with Some Implications for
Cost Analysis (Donald M. Fisk).

The Development and Use of a Computer-Implemented Time-Phased
Model (CPT Charles H. Wells).

A System Concept for Determining Navy Stock Fund Budgeting
Requirements (Charles E. Emberger).

Aircraft Maintenance Cost Research, KC-135 (Jean Mullery).
Measuring the Impact of Reliability and Maintainability on Combat
0&M Costs (Robert Byer).

Personnel Cost Research for Early Man/Machine Design Trade-Offs
(Marilee Connelly).

Missile-Automated Resources Management Operating Technique (MARMOT)
(CPT Robert G. Smith).

System Cost and Operational Resource Evaluater {SCORE) (Solomon
Getz).

Development of Automated Methodologies for Weapon System Life
Cycle Costing (Frederick M. Chakour).

Mathematical Method for Pricing Learning Curve Changes (Paul M.
James).

The Maintenance Aspects of the Life Cycle Cost of Electronic
Systems (Hugh W. McNeil).

System Effectiveness and Life Cycle Costing Analysis for the Fast
Deployment Logistic Ship (CPT B. D. Lamar).

Life Cycle Costing in System Acquisition (Perkins C. Pedrick).

An Inventory Model for Reparable Spares: the F-4 Cass (Marshall
Rose).

Closing Remarks: Ir. Donald B. Rice.

Closing Remarks: R._bert C. K. Valtz.

Attendees.
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Cost Research Symposium (1969)
Proceedings of the Fourth Annual DOD Cost Research Symposium

Washington, Office of the Comptroller of the Navy, 1969, 358 p.
AD 854 663.

Welcome to the Symposium (RADM Eli T. Reich).
Introductory Remarks (VADM Jackson D. Armold).
Keynote Address (Hon. Charles A. Bowsher).
0SD Welcome (Hon. Ivan Selin).

Air Force Welcome (Hon. Thomas H. Nielsonm).
Army Welcome (LTG Frank J. Sackton).
Concluding Remarks (Dr. Donald B. Rice).

Historical Simulation (Charles A. Graver).
A Three Dimensior.al Cos? Model for Analyzing or Estimating Director
Labor Requiremeits (¥AJ Gordon J. Johnsom).
The Marine Corps Cost MHodel (DRS. Richard A. Jenner & Joseph H.
Augusta).
Cost Estimatinj Methodclogy for Ground Combat Surveillance Equipment
(Steve Klein).
An Example of lelationships Between the Uses and the Development of
CERs (John E. Buchanan & Ronald A. Chiodo.
First Order Approximat.ion of Cost Variance and its Value (Ceorge T.
Patton).
An Approach to Quantitative Measurement of Advances in State-of-the-
Art. (Dr. Edwird N, Dodson).
The Cost Implications of New Technology (J.D.S. Gibsom).
Study of Trends and Escalation of Costs (MA’ Horace Schow,1I).
Cost Analysis in Support of Coatract Negotiations (T. Arthur Saith).
An Approach to Estimating Costs of Maintenance Material and Personnel
for Naval Airborne Weapon System (Paul Casuk).
Pilot Training Study (W.E. ¥ooz).
Selecting the Proper Cost Variables for a Cost-Effectiveness Study
(Seymour Horowitz).
Missile Cost Model (John Johnson).
SAMSO Unmanned Spacecraft Cost Model (G.B. Guarino).
Airmobile and Infantry Division Operazing Costs in Vietnam (Rober:
Caldzrone). .
Use of ADP Sources in Collecting Operatzing Costs (LTC Errol Hayes).
Attendees.
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; Cost Renearch Symposium (1970)

; Proceedings of the Fifth Annual DOD Cost Research Symposium

3

; Washington, Office of the Assistent SBecretary of Dufenne (Syatens
; Analysis), 1970, Volume 1, 320 p. and Volums 2, 266 p.

AD 875 742.

National Bureau of Standards Welcoms» (v, lLewis W. Hransconmb),
Keynote Address (Hou. Gardiner L., Tuckeiy,

Axrmy Welcowe (Hon., Eugene M. Becker).

Mavy Welcome (Hon., Charles A. Buwsher).

Alr Forve Welcome (Hon. Spencer J. Schedley),

Discussion of New PPRS Procedures (C.5. Nuckels),

] A, Selected Acyuinition Raportut Role of the Selectaed Acquisition
Report Ln Manugement and Coat Analyuis (T, Arthur Smith).
B, Operations Costs:
An Analysis of Base Operating Hupport Costs (CPT Robert G, Owens).
Dapot Maintenance Cost Estimating Relationships for Fightay
Adrcraft (Robert Bovlais).
Qperating Costs Associated with REDCON Twprovement - An Hiatorical
Example (LT Vdward B. Doherty).
Methodulogy for Determining Aviation Spare Costs per Flylng Hours
(Vi Bndlu).
An Analyala of Operating Cowsts for Selected Minale Unlts {n USAREUR
FY 1968 (L1C Evavett L. Alvey).

G. Aunalysias of Tuvestment Alternatives ’
] Economic Replacemant Analysis and Gosi Uncevtainty (LG Jo'w Knubal),
The Impact of Discounting, Inflation, and Residual Valuw on Lifa
i tycle Costs of Weapon Lyntem Acguisition (MAJ Jolm D. Johnatoa). ‘
Measuring Pricve and Productivicy Change In the Adveraft Tudustry ;
(1.A, DetRonnl). d
b, Cost Analysis BEducation Programs: Pregentation on course aponsoread é
by Dry bavid Ameen, !
E. Loglstics Costst !
Farce Costing and Support Plamming (Dr. Bernard Rostker). {
Alroratt Rawork GCoat-Bemefit Model (Dro Macshe)l No—a). |
Project ABLE - Acqulaeitions Bawed on Conslderdtions of Loglaties h

ffecte (Treving Kate), y
F. Weapon fiyst.em Acquiaition Procesn \
Entimating Learning Curve Cost Factors (Walter G, Hartung), '
Ttme-Copt -Riak Trade-0ffa in Devylopment FPrograms {(Vdward Dodeon).
Ridge Analyalsr  An Twproved Proceduve for Devaluplag CGost
Entimat ing Relationships (Honry ¥awaw),
« Role of Farce Costiug In Vorge Planning.
Force Mauntny Cost \nformatiou fyatem (Petar Salomons).
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Force Cost Assessor (J.E. Koletar, Jr.).
Time-Sharing - Breskthrough in Military Staff Procedures (MAJ
John R. Alesander, Jr.).
The Clectrical FYDP (Dr. Christopher Snyder).
H. Equipwent Costing:
The FAMECE Study, Gosting the Phase~in of a Fami{ly of Militavy
A Engineer Constructinpm fquipment (MAJ M,F. Higgins),
3 A Cost Model for Semiactive Radar Guidauce and Control Scctions
of Aly Defenge Migeflea {(Dx, C,D. Billiugs).
Methodelogical Problems in Estimating Costs of Shipbulliding
Programs and Scme Broposed Selections (Prof, Henry Solomon).
. Ship Cost Entimating (G.H, Main ana J.A. Fet _htio).
) J+  Manpower {osting:
; Pereonnel/Manpover Lile Cycle Bulilt Cost Models (CDR Thomas J.
Bullivan).
Empirically Estimating Pilot Training Cost Fun-tions (CPT G.M,

o —‘-—"?"‘:ﬂ'f“;“"m“‘"—wﬁwmﬁ

3 Kipnis).

i A Mathematical Approach to Fetimatiog Training Requirewents
£ (Gaorge Travers).

3 Development and Application of a Total 3hip Simulation Model

(M.A, Schwarte).
Sympoaium Weap-Up (Milton A. Margolis aand Dr. Donald B. Rice).
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Costing Methodology Handbook
Directorate of Cost Analysis, Comptroller of the Army

Washington, Department of the Army, 1971, 179 p.
AD 884 835L.

Published (in conjunction with a revised AR 37-18) in response to a,
need expressed in the Weapon System Acquisition Improvement Program
to provide a vehicle for developing a standard cost methodology.
Objectives: (a) to provide a better understanding of the cost
estimating/analysis process, (b) to promote standardization in cost
ana_vses, (c) to contribute to a better cost analysis capability

in the Army, consistent with the objectives of the Army Cost Analysis
Program (Cf. AR 11-18). Part 1: the process of cost estimating
(chapters 1-7); Part 2: other considerations (chapters 8-10).

I. The Life Cycle and Decision Points: concept formulation; contract

definition; development and production; operations and disposal.

ITI. Preliminary Guidance.

111. System Description and Information Search: Five Year Defense
Program; Army Materiel Plan; Army Force Planning Cost Handbook;
selected acquisition reports; contractor reports and financial
records; Weapon System Cost Data Handbook; Development Concept
Paper; Area Coordination Paper; Materiei Need; prior studies.

IV, Techniques of Costing: parametric cost estimating (cost/parameter
relationships, scatter diagrams, regression models, least-squares
estimating, measuring errors, correlation analyses, other
regression techniques, learning curves); estimating by analogy;
industrial engineering approach; expert judgment; program
stretchouts.

V. Measures of Estimate Validity: uncertainty and risk (techniques,

examples); sensitivity analysis.

VI. Economic Considerations: economic analyses; time-phasing;
inflation; constant dollars; current year dollars; present value;
annex 1 (general instructions for inclusion of price escalation
ir certain cost estimates for research and development, procurement,
and construction); annex 2 {(instructions for calculations of
price escalation in the selected acquisition report).

VI1. Presentation of the Estimate: pgeneral format and instructions for
use; U3 Army Management School Operations Research/Systems
Analysis Executive Course - Check List, Briefing Techniques.

VIII. Cost Growth: definition, categories.

IX. Cost Effectiveness.

X. A New Technique to Analyze K&D Estimates: STECPLOT: problem,
technique, explanation, example, qualifications and extensions.
Appendix A. Modeling and Simulation: types (iconic, analog, symbolic);
principle types of cost models; design and use of weapon :zystem cost

model.

Appendix B. References.

Appendizx C. Glossary.
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Costs and Benefits in Mathematical Programming
Manne, A.S,

Santa Monica, The Rend Corporation, 1956, 14 p.
Rand Memorandum RM-1785.

Summary: "In cooperation with members of the US Military Air
Transport Service (MAT3), the author recently engaged in an attempt
to determine whether MATS ajrlift planning could be imnroved by the
substiltution of linear programing methods for trial-and-error rule-
of-thumb methods, The experiment, described in some de-ail iIn the
paper, was not successful, for the following reasons. ‘'he gains
weare not spectaculayr, baing on the order of two or thrae percent in
terms of the potential increase in useful airlift from the existing
resources, and on the order of one day in fourteen in terms of
reduction nf the length of the planning cycle. The costs promisud
to be rather high, because to realize the potential gains it would be
necessatry to have a guarantee of lmmediate access at unpredictable 4
times to an expensive electronic computing machinz. Above all, the ;
!
)

lack of mathematical training among the middle management group
mal.es it far easier for an organization such as MATS to accommodate
itself to trial-and-errcy methods rather than to linear programming
models."

I, Introduction.

IT. Background of the Study.

1i1, The Linear Programming Model.

IV. Vaviants upon the Standard Linear Programming Model,
Y. Conclusions from One Experiment.
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Costs of Operation and Maintenance Activities (Army): Techniquea for
Analysis and Estimation
Phillips, Joha G,

McLean, Research Analysis Corporation, 1967, 77 p.
Technical Paper RAC-TP-242, AD 811 500,

The research in this paper develops ta method for determining

the cust jmpact of proposed force changes on the operation and
maintenance, Army (OMA) appropriation activities. A study of the
Army's financial accounting system structure and budget data hag been
made to form a method that will determine those OMA activitien that
depend on force changes. For these activities illustrative cost-
estimating relations (CERs) are developed.®

Foreward.

Sunmary: Problem; facts; discussion; conclusions,

Abbreviations,

I. Introduction: purpose; limitations of the study.

I1. Method for the Determination of Force-Dependent OMA Activities
and Their Cost: the classification process; cost estimating
ralations.

II1. Cost Estimation and the Development of OMA CERs: introduction;
summary of force-dependent CERs; operating forces, B 2000,
training activities, BP 2100; central supply activities, BP
22003 major overhaul and maintenance of materiel, BP 2300,
medical activities, BP 2400; Army-wide activities, BP 2500
nperation and maintenance of facilities, BP 9000,

Appendix A, Supporting Data for Development of CERs,

Appendix B. Reference Data, by Budget Program,

References.

Abstract.
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Curves: a Five-Function Curve-Fitting Computer Pkogram
Boren, H.E. \ :

Sants, Motuica, The Rand Corporation, 1968, 83 p.
| Rand Memorandum RM-5762-PR. AD 680-762. : \

Yummarys "Thls Memorandum describes a FORTRAN-IV 'curve-fitting

computer program that has been developed within the Rand Cost Analysis
Department., The program mgkes least-squares determinc.ions of the

parameters of any of five mathematical functions selected by the

user, glven a set of observations on the depeﬂdent and independent

variablee of interest., The functions available in fhe program are

the line, parabola, power, asymptotic-power, and exponential. Up

to three independent variables may te used for the line and power

functiona. Also, the Y-intercept may be specified for the line, ,

parabola, or asymptotic-power function. A discussion of the | i
characteristics of the fuactiens is presented\in Section I+ including i
an examination of those nonlinear functions that require special methods

for solution. Also included is a brief discussion of the statistics

lused in the program. Specific detalls on the operation of the program

are presented in Sectiun 1T, This section also treats the options

available to the user. Program outputs are discussed in Section I1I.

For rhe bencflt of the reader, sample outputs from two runs are shown.!

Preface. . :

Summary. | §

List of Figures., ‘ ) ! ;

List of Tables. ‘ : 5

1. Intvoduction: program description; function types; function
characteristics; nonlinear~least-squares solutions; statlstical
congiderations, V

11, Input Procedures: title card; order card; format card; scale

card} data cards; blank card; end card; summary.

I1I, Program Qutputs. i !

Appendix A, Nonlireac-Least-Squares Considerations. .

Appendix B. Leasat-Squares Solution for Asymptotic-Power Function,

Appandix C. Listing of Curves FORTRAN-IV Computer Program.

\
'
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Decision Analysls: Introductoty Lecturds on Choices Under Uncertainty
Raiffa, Howard :

y Reading, Addison«Wesley, 1970, 310 p.
i

This approach prescribes how an individual who is faced with a
problem of chofce under uncertainty should go about choosing a

course of actlon that 1s consisgtent with his personal basic judgnents
and preferences.

i Introduction, é

; I. Your Basic Problem: hktatement; variations. : 1

g 11, Analysis of Your Basic Problem: data; expected monetary valuej

: : | analysis of the no-expgriment alternatives; the decision flow

! . diagram; probability abksessments at chance forks; averaging out

: and folding back; expected value of perfect information and
opportynity leoes. .

1II. Uncertain Payoff and Biased Measuremeats: sampling costs;

value of information. ‘

IV, Utility Theory: use of CMEs in analysis; lotteries;
subst'itutabilicy; the Indifference function for money; ;
transitivity; the maximization of expected utility; decreasing :
risk aversion; risk control.

V. Use of Judgmental Probability: objective,vagueness} calibration
of subjective vagueness; a consistency property for judgmental
probabilidy; the additivity of judgmental P*.measure; the
‘analysis of the eg-branch; the reduction of a general lottery;
'the revision of judgmental probabilities.

4 ) VI. The Normal Form of Anialysis: strategies; vandomized strategles;

g . cholce; modification of a nonEMVier; indifference curve analysis;

3 ' . the principle of substitution for strategies; choice of weights.

: : VII. More on the Economics of Sampling. !

; VIII., Risk Sharing and Group Declsions.

I1X, The Art of Implementation and General Critique: the multi-
attribute problem; assessments of several uncertain quantities.

X. Further Perspectives and a Guide to the Literature.

Index.

The Data of Your Basic Problem.
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Decisionmaking Among Multiple~Attribute Alternatives: a Burvey and
Consolidated Approach
MacCrimmon, K.R.

Santa Monica, The Rand Corporation, 1968, 63 p.
Rand Memorandum RM.4823.ARPA, AD 681 005,

TS YR I T I BT R

Summary: "Various methods have been proposed to help the declsion-
maker with multiple~attribute decisionmaking, These range from
techniques which consider all attributes at once to these which
consider just single attributes, or proceed sequentially over single
attributes, This memorandum critically reviews the assumptions
underlying each approach and examines its information requirements.
In addition, each method 18 described both in a general way and using
a formal, abstract mathematical representation. ‘Iwo examples, the
choice of a weapon system and of a space sult, are used to illustrate
the discussion,?

R R T e i

AT RS

Prefaca.

Suradary,

I, Introduction: the decislonmaking process (goals, complexity,

. choosing among alternatlves with many attributes); scope and

organigation of the memorandum.

31, Muleiple-Attribute Decisions: attributes, goals, c¢riteria, and
dimensions; a military systems example; symbolic representation.

111, Existing Approaches to Multiple-Attribute Decisionmaking: full
dimensionality (dominance, satisfying); single dimensionality

B (maximin, maximax, lexicography, additive weighting, effectiveness

index, utility theory); {ntermediate dimensifonality (trade-offs,

1 nonemetric acaling, summary of procedures).

E IV, Extensions and Combinations of Procedures for Multiplae-Attribute

B Decision-Making: uncertainty in attribute values; 4 subsystems

F example; eclectic approaches to the multiple-attribute problem

i (combinations of approaches, curvent uses of multiple-attribute

b methods), '

Biblivgraphy.
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‘ oL Decision«Making for Defenme t
: Hitch, Charles J, i
o Berkley, University of California, 1965, 83 p. :

? : "The firat series of Garther lectures., The first lectures trace the

¢ svolution of the defense problem; the second describes the purposas and
function of the 'programming' system installed in 1961, The third
doscribes the afforts to apply the techniques of operations ressearch

or systems analysis to the problem of defenwe decision-making,
particularly with regard to the choice of weapon systems and the alloca~
tion of resources among alternative forces and programs. Thae final
lacture attempts to evaluate these innovationrs, to discuss the
unresolved problems in thalr application, and to assess their placo ]
in the future." ‘

1. 1789.1960

11, Planning«Programming«Budgeting
111, Cost«Effactivensas

IV, Ratrowspect and Prospect

Notes.

RS
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% Defense Management
3 Enke, Stephen

; Englewood Cliffm, Prentice-Hall, 1967, 385 p.

This book apprailses and describes various aspects of costebenefit
analyaiy of the kind now widely practiced within the Department of
Defenses Part 1l: Pentagon decision wmaking (chapters 1-3); Part 2:
; coat effectlveness applications (chapters 6-14); Part 3: special
defense prablems (chapters 15-20).

4 . The Defenmse Kesaurce Allocation Process (Willlam A. Niskanen).

) 11+ The Annual Cycler Planning-Programming-Budgeting (Robert N,

' Grosne and Arnold Proschan).

; 111, Costing of Systems (Norman V. Breckner and Joseph W. Noah).

g 1V, Remaining Difficulties in Program Budgeting {Roland N, McKean).

g V. Cost Effectiveness of Cost Effectiveness (Armen A. Alchian,.

) VI, The Changing Environment for Systems Analysis (James R,

1 Schlesinger).

i Vi1, Central War Alternatives (R.H. McMahan, Jr. and D.H, Taylor).

VII1. New Perspective in Civil Defenne (Herman Kahn and Anthony J,
Welner),

: IX., lobility-Afrlift, Sealift, and Prepositioning (KRichard B,

Rainey, Jr.).

I X, Maintenance (John J. McCall),

\ X1. Procurement and Management of Spares (Harrison 8. Campbell).
| XIl, Incentive Contracts (Frederick 1. Moore).

\

, XI1Y, Land Utilieation for Defense (Jora R. Minasian).

g X1V, Military Manpower Utilieation (Marry J. Gilman),

' XV. Research and Development (T.K, Glunnan, Jr.),

XVI. Defense Impacts on International Payments (Rolf Plekars),

XVil. Defense Expenditures and the Domestic Ecouomy (Murray L.
Weldenbaum),

XVIII, Defense Decentralization Through Internal Prices (Martin J,

Batley).

XiX. NATC Defense Planning: the Political and Bureaucratic
Constraints (A.W. Marshall).

XX, Military Assistance Programs (Charles Wolf, Jr.).
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Defense Planning and Organimsation
Enthoven, Alain and Henry Rowen

Santa Monica, The Rand Corporation, 1959, 78 p.
Rand No, P-1640,

This is an exploratory essay on the organisation of the Department

: of Defense, wricten expressly for an audience of professional

g economists (and using, therefore, the technical language of formal

! economic theory). The paper covers three topics: (1) the short-
comings ol the present organigation, (2) the generval questlion of
intelligibility of defense allocation problems, and (3) some
implications of the principles discussed and a few practical suggestions,

: Prefatory Note,

; 1., Introductilon,

i 11, The Defense Economy: some views on defense allocationy conflict
: over budget level and the efficiency of allocation; budget
structure; organiration structure and decentralizationy the lack
| of permanent staff,

: 111, Some Theoretical Aspects of Defense Organisation: Which

; criteria? Whose criterta?y the nmultiplicity of criteria;

. interactlions; the significance of game aspectsy the power

i and limity of analysis,

} IV, Some Suggestions for lmproving Defense Organisgation: the role
of the Secretary of Defensej budgeting for missions and weapon

! syatems; decentralieation through the use of budgets and pricesy
; the defense reorgunization of 1958,

Footnotes.,




Definitions of Expenses and Investment Costs
Office of the Assistant Secretary of Defense (Comptroller)

Washington, Department of Defense, 1966, 10 p.
DODI 7040.5.

This instruction sets forth criteria and definitions to be used in
(a) specifying the financial contents of the program elements in
the Five Year Defense Program, (b) defining the financial contents
of those accounts that make up the Defense budget, and (c) defining
the financial contents of the accounts that comprise the Department
of Defense management accounting system.

I. Purpose.

II. Applicability.

III. Basic Distinction Between Expenses and Investment Costs.
IV. Expenses.

V. Investment Costs.

VI. Conditional Cases.

VII. Implementation and Effective Date.

Enclosure 1. Investment Cost Decision Diagram.

Enclosure 2. Special Guidance Concerning Real Property.
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Derivation of Estimating Relationships: an Illustrative Example
Fisher, G.H.

Santa Monica, The Rand Corporation, 1962, 83 p.
Rand Memorandum, RM-3366-PR,

This memorandum was prepared for a course in military aystems cost
analyails concepts and techniquea, offered by the Alr Force Syatems
Command, 1t presents {llustrative exawples of how statistical
regreasion analyasis may he used to derifve estimating relationships
from historical data. Examples of siwple linear regression,
logarithmic linear regression, second degree regreussion, and multiple
linear regression analyses are presented and diascussed.

Preface,

Sutniary.

I. Introduction.

11, Statemont of the Problem.

111, Linear Normal Regression Analysis of Inltiel Tooling Cost as
a Function of Alrframe Weight.

IV, A Curvilinear Analysist Logarithmic Ragression,

V. A Gurvilinear Analysis: SHecond Degree Equation,

VI. A Multiple Hegression Analysis.

Appendix A, Derivation of the Normal Equations for a Linear Normal

Regresaion.

Appendix B, Student Problem in Simple Linear Regression Analysis.

Appendix C, S8tudent Problem in Cutvilinear Regression Analysiy.

Appendix D. Student Problem in Multiple Regression Analysis.




The Development and Application of a Procedure for Estimating the
Economic Life of Weapons Systems .
Eastman, Samuel Ewer and Willism K. Scheirer

Washington, Department of the Army (Directorate of Cost Analysis,
Comptroller of the Army), 1970, 38 p. AD 711 115.

"The research work herein was underzaken to assist in the f{mplementation

of Army Regulation No. 37-13, 'Financial Adntniszration, Economic
Analysis of Proposed Army Investments.' . . . The approach to the
desatoment and application cf 4 progzeduirs fo2r »acimating the

oo n L1 Fe 0 Jeapans avstems g Ses thrastcll wur flrat Tasd
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{. W Ty arh Lwi Clusiong,
i, Intro -
[T, Deternination of Uaelal Lilz by the Us Treasury.  Appliica®il e
to military weapors systems; the economic life ol =iliza-

weapona svstems determined from technical chanue.
IV. Defiritlons of Economic Life from Economic Theorv.
V. Applicarions of the Cost Minimization {with Replacemenz),
Technical Appendix: Cost Miniwmization Model: Parts Cost Functions
and Odometer Settings: Expected Depot Overhiui Coste,
Refcerences.
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‘ Nevelopmant Cost Bstimating Survey
' Task 3

i Cambridge, Management Sysmtems Corporntion, 1963, 124 p,
3 AD 408 987,

This report documents a survey of development cost estimating
techniques and sources of pertinent data on pust weapon systems. It
catalogues and codifies moest of tha vnluable information on this
subject and outlines the sources of appropriate historical data. 1In
addition, the rirvey provides a basis for defining the analytleal and
data collection program to follow.

1. Summary: objectives, results.

11, Conclusions and Recommendat tonu.

111, Discussion: generaly historical duta sourcesj cost-estimating
techniquer; cost estimatling relationships; approach to future
data analysis,

Appandix 1, Biblicgraphy.

Appendix 2, Selected Report Abstractse,

Appendix 3, Sources Contacted, Sept, 27 to Dec. 14, 1962,

Appandix 4, Summary of Cost Matimating Relationahips.

Appendix 5, Data Collection Formats.

Appendix 6. Task Statement,
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Differential Gamea: A Mathematicel Theory with Applications to
Warfare and Pursult, Control and Optimisation
Isaacs, Rufus

Naw York, John Wiley and Bons, 1963, 384 p,

WThia work covers the nature and scope of differential games, discrete
modele, formal mathematical mold, and detailed explanatiuns of the
solutionn, 'The primary emphasis 18 on military applications.t

1. An Introduction: the theory of games; the state and rcontrol
variables) battle games} games with moving craft) pursuit games)
games of kind and games of degree; strategles; dogfights, Firing
games, programming, and athleticej o perspective on precision; a
perspective on prograss.

1I. Definitions, Formulation, and Agsumptions: the kinematic
situation; the realistic and reduced space; termination of the

gomey the payof{; games of kind and games of degree; stratepies;
canonisstion on circular vectograms; a lemma on circular vectograms.

1LI. Discrete Differential CGamas: the general discrste game; battles
of extinction; quasi-~discrete games.

IV, The Basic Mathematics and tha Solution Technique in the Small:
the nature of a solution; the main equation; semipermesble
purfaces and a second derivation of the main equation; the

verification theorem; the path equations; the retrogression
principle; the initial conditions.

V. Examples.

VI, Efferent or Disperwal Surfaces: singular surfaces); dispersal
surfaces} the quastion of the perpetuated dilemma; the geometric
method for simple pursuit games of kind; the existence of the
perpetuated dilemma.

V11, Afferent or Universal Surfaces: with null integr-- 1+, rtth liprerer
vectograms; the analytic necesmary condition for o ...wur
vectogram type universal service; the workabls condition whes
n=3; the calculus of variations viewpoint; all steategies optimaly
the workable criterion when u=4; a test for a void; test for &

tranaition aurface} relation to Euler equation; restoration of the
totality of control variables; semiuniversal surfacas.

VIil. Games of Kind: the barrier concept; the construction of semi.

permeable surfaces; termination of barriers; construction of
the barrier; fusion of games of kind and degraa,

IX., Examples of Games of Kind.

X. BEquivocal Surfaces and the Homicidal Chauffeur Game: geometric
solution; primary solution; the universal curve and its tributariss)
equivocal surfaces; sppendix.

XI. The application to Warfare: game thaury and warj the available
tachniques; types of applications; problems of formulation) some
Flitf.ll'o




g XII., Toward a Theory with Incomplete Information: search games with
! immobile hiders; with mobile hiders; the improtance of approxi-

mations; the chancifying method; appendices.
References,

! Index.
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The Discount Rete in the Non-Market Context
Franks, Francis John

: Monterey, Naval Postgraduate School, 1968, 47 p.
AD 832 903,

Abstract: "Systems Analysis uses many disciplines and sophisticated
technigues to determine the relative effectiveness of alternate
systems. This relationship can then be reversed by an arbitrary
choice of a discount rate. In the private sector, the discount

y rate is determined by the cost of capital. In the public sector,

: the cost of acquiring the capital is not clearly defined. 7The

following propossls for the interest rate in the public sector are
considered: (1) the government bond rate; (2) the rate of growth of
the national product; and (3) a rate derived from the average rate of
return in the private sector, 7Tt is concluded that the interest rate
in the private sector lies betwaen 4.75 and 10 percent. The circum-
stances which generate uncertainty and the means of handling this
uncertainty are alaso discussed. A procedure is recommended which
modifies the difference between expected costs to make them equally
significant, Particular attention is focused on uncertainty occasioned
by changing technology and the probablity of war., It is concluded

that a unique estimate of the rigk component is indeterminate and that
uncertainty should be considered in the context of the specific

systems under consideration.t

FU——

S o a4

e T P,

1., Introduction.

1I. Opportunity Costs: the intereat rate; the bond rate; growth rate
of the national product; the rate of return in the private sector.

111, Uncertainty: factors generating uncertainty; means of handling
uncertainty; statistical analysis.

IV, Summary.

Bibliography.

Appeudix A. Average Rates of Return in the Private and Public Sectors.

Appendix B, Sensitivity Analysais.
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Discount Rates and Procedures to be Used in Evaluating Deferred Costs
and Beneflts

Bureau of the Budget

Washington, Executive Office of the President, 1969, 7 p.
BOB Circular A-94,

This circular prescribes standard discount rates and procedures to be
ugsed in evaluating the measurable cost, benefits, or cutputs of
programs or projects when these costs, beneflts, or outputs occur
over time and when they can be eatimated.

1. Purpose.

I1, Scope.

ITI. Agency Coverage,

1V, Preparation and Presentation: expected yearly costj expected
yearly benefit; expectad yearly output dissount rate; discount
factory present value cost; present value benefit; present value

; outputj present value net benefit; benefit-cost ratioj output-

“ cost ratioj internal rate of return.

V. Discount Rate Policy.

VI. Uncertainty and Risk,

VII, Interpretation,

ViIl. Effective Date.

Attachment A, Sample Format for Discounting Deferred Costs and

Benefita,
Attachment B. Discount Factors,
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Discounting in Military Cost-Effectivenasa Studies :
Ly Stone, Donald R, Voo

Monterey, Naval Postgraduate School, 1968, 42 p.
AD 475 334, 1 ! \
Thesis abstract: "Discounting is a means of assigning different
weights to costs expected to be incurred in different fu#ure timo
periods, Such costs are a vital element of cost-effectiveness studies, '
which under present DOD policy provide the primary basis for military
procurement and force structure decision making. The discounting
process is reviewed, and an attempt is made to identify qualitatively
i the factors which should determine the discount rate to be used by DOD
i : , cost«affectiveness studies, These factors are separated into\two
é ‘ groupsi those which apply to cost-effactiveness studies of all types \
! of weapons systemas, and those which depend upon the type of system
being considored, Finally the manner of presenting the results of the
discounting process ho\the decgaton maker is discussed.™

\ | 3
I, Introduction, l ‘
I1. Cost<Effectiveness Studias,
111, ‘The Discounting Process,
IV, The Normative Jomponent, : \
VY. Tha Risk Component.
V1. Presentation of Rewsults,

s e e s
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\ ' " Discounting in Systems Cost Analysis!
Cownie, John\
Washington, DC, Office of the Assistant Secretary of Defense (SA)
i Economics, 19 September 1967, 15 p.
| \
ntThe purpose of this Laper {s to specify the costs which are relevant
in the comparison of defense systems; in particular, it will be
stressed that if cost streams whica are spread over time are to be
compared, some sort of discounting procedure must be used.m

{Introduction. \
The Costs of Defense.

Systaoms Costs and Discounting.

Discounting in Business Decisilons.

Discounting Defense Expend’tures.

Present Values and Future Values. \

The Significance of Disc%unttng‘ i
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Dytiatic Programming
Bellman, Richard

Princaton, Princeton University Press, 1936, 342 p., Rand No. R~295,

"The purpose of this work is to provide an Introduction to the
mathematical theory of multi-stage decision processes.!t Biblio-
graphies follow each chapter.

Preface,

I, A Multi-8tage Allocation Proress: functional equation approsch;

a milti~dimensional maximizalion problam; a smoothing problem;
infinite stage approximation; exlstence and uniqueness theoremus;
approximation in policy space; convexity, concavity} time-dependent
processes; nulti-activity processesi multi-dimensional structure
theorems; continuity and memory: stochastic allocation processes;
functional equations; Stieltjes integrals.

11, A Stochastic Multi.Stage Decision Process: atochastic gold mining;
enumerative treatmenty infini.e stage approximation existence
and uniquenessy a flnite numler of stagesy a three-choice problem|
a stability theorem,

111, The 8tructure of Dynamic Prngramming Processes: the principle
of optimalityy discrete detarministic, stochastic, and tortinuous
deterministic procesaes; causality and optimalityy approximation
in policy space,

IV, Existence gnd Uniquenesy Theorems: equations of type one, two,
and three; monotone convergence; stability theorems; an optimal
fnventory equation, '

V. The Optimal Inventory Equation,

VI, Bottleneck Problems in Multi«Stage Froduction Processes.

VIl. Bottleneck Probloms: Examplos.

VIII. A Continuous Stochastic Decision Proceass} continuous versions;
derivation of the differuntial equations; the variational
procedure; solution for finite total time; mixed policies;
solution for iInfinite timej nonlinear utility,

IX, A New Formalism In the Calculus of Varilations.

X, Multi-Stage Games: single-stage discrete game; min-max theoryj
continuous games; flnite resvurces; games of survivel; pursuit
games; a4 basic lemma; exisrence and uniqueness; proof of results;
NON«ROLrH=-8UM GAMASE.

X1, Markovian Decision Processes: a lemma; existence and uniquenesny
Riccati equation; approximation in policy space; discrete
verslons} recurrence relation; min-maxi generalization of a
VonNeununn resul!

Index of Applications.

Name and Subject Index,
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Dynamic Programming: o Bibliography of Theory and Application
Bellman, Richard and Rebecca Karush

Santa Monica, The Rand Corporation, 1964, 140 p.
Rand Memorandum RM-3951-PR,

Preface.

Bibliog. :L.hy of Papers, 1946-1963 (alphabaetically by author).

Bibliogirphy of Books, 1950-1963 (alphabetically by author),

Author 1 tdex (Books).

Author Index (Papers).

Subject Index: allocation processes; calculus of variations;
communications and information theory; control processes; equipment
raplacement and inventory theory; game theory; maximization and
minimigation; multistage production and scheduling theory; optimal
routing and trajectory theory; mathematical physics; reliability;
search processas; sequential analysis; transportation processes;
stochastic variational processes; adaptive processes; analytic
results; computational aspectsj surveys.

Abbreviations,

61
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Dynamic Programming and the Calculus of Variations
Dreyfus, Stuart E,

' Santa Monica, Thu Rand Corporation, 1965, 511 p.
Rand No. R«441-PR, AD 468 205 and AD 470 877.

Abstract: 'A demonstration of the relationships between the calculus

of variations, a mathematical discipline concerning certain problems

of optimization theory, and dynamic programming, a newer mathematical

} approach to optimization problems. In addition to explaining an.

: contrasting the two approaches, the report shows that many results

E, of the calculup of variations become simple and intuitively apparent i
§

3 when examined from the dynauic programming viewpoint. In emphasizing

: the geometrical and physical insight afforded by this approach, the

Y study shows how these techniques can be applied, for instance to

s stochastic and adaptive varfational problems. It can be used in the
study of dynamic programming and other new mathematical formalismsj

in optimal control problems, such as the determination of rocket
trujectories, the correction of lgunch aerrors and inflight disturbances
! of spacecraft; and in the problems of optimal control found in

3 economics, biology, and the social sclences."

3 Preface.

; Swmmary.

E 1. Discrete Dynamic Programming.

, 11, The Classical Variational Theotvy.

III. The Simplest Problem.

IV, The Problem of Mayer.

V. Inequality Constraints.

VI, Problems with Special Linear Structures.
VII. Stochastic and Adaptive Optimization Problems. ;
Bibliography. !
Index, ’
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Dynamic Programming, System Identificatjion, and Suboptimisation
Bellman, Richard

Santa Monica, The Rand Corporation, 1965, 13 p,
Rand Memorandum RM-4593-PR., AD 616 780,

Abstract: "A discussion of the mathematical technique of dynamic
programming to obtain a best«fit approximation to a fun:tion that is
defined over some given interval. The author describes the use of
this wethod as an approach to the handling of a particular type of
pattnrn-recognition problem and to the appruximation of optimal
control policies.n

Preface.

Sunmaty.

1. Introduction.

1I. Adapcive Curve Fitting.

I1I1. Discussion.

1V, ldentification of Systems.
V. Suboptimization.

VI, Reduction of Dimenpionality.
References,
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Economic Analyseis
Working Paper

Norfolk, Armerd Forces Staff College, 1971, 523 p.

This draft volume is a working paper and is being developed as a
first source reference in support of Department of Defense
Instruction 7041,3, The additional references and bibliography are
not included in the draft, but will be included in the final hard
copy.

1. Fconomic Analysis: definitions; discussion; techniques; DODI
7041.3; article from Armed Forces Management.

I1. Accounting, Financlal Management: roles of financial executive;
primary functions; secondary functions; organizational procasses;
managerial accounting; analysis of funds; budgeting; financilal
management in government and business; the profit motive.

I1I. Analog Method of Cost Estimation.

IV, Benefit-Cost Analysis: problem; background; tradeoffs,

V, Correlation Analysis,

V1. Cost-Effectiveness Analysisg: definitions; background; marginal
utility of weapon systems; contrilutions by analysts,

VII. Cost-Estimating Relations.

VIII. Critical Path Method: military planning; wide application;

basic procedures; compress schedule; complicating elements.

IX. Delphi Method.

X, Engineering Method of Cost Estimation,

XI. Discounting: planning capital acquisitions; general framework
of analysis; estimating the variables; other methods; creference
problems.

X1I. Gaming.

XIII, Linear Programming: preliminary remarks; graphical solution;

linear programnming.

XIV. Marginal Analysis: theory of production and marginal products;
demands for factors (derived, interdependent); the production
function; marginal products (defined, as solution to distribu-
tion); maximizing profit; graphical depiction; law of diminishing
marginal physical product; least cost.

XV. Modeling: nature; design and use; types; evaluation; advantages.

XVI, Monte Carlo Techniques.

XVII. Operations Research: origin; basic concepts; methods; future;
examples.

XVIII. PERT: principles and applications; techniques.

XIX. Probability Theory.

XX. Quantitative Analysis: systems approach; scientific method;
uncertaiuty; objectives; alternatives; costs; modelsj criteria;
readings.

XXI. Queuing.
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XX11.
XXI11I.
XX1V.
xxvl
XXV3.
XXVil.

Regression Analysis,
Sengitivity Analysis.

Siwulaton,

Statiatical Inference,

Systems Analysis: background; principles and procedures.
Productivlity Accounting.

64-1
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Economic Analysis and Military Resource Allocation
Smith, T. Arthur, ed.

Washington, Department of the Army (Cffice, Comptroller of the Army),
1968, 182 p., AD 841 253.

"This volume considers the decision proucess in the Department of
Defense and its impact on Army plans, The role of Army plans 1s then
addressed in terms of the economic declsions that must be made and

the form and types of economic analysis uced to support these decisions.
Where methodology is developed, general models are described and their
implications discussed. This is the case in the development of resource
impact models for use in force planning and the development of resource
projects for hardware systems. In other instances, such as logistics
areas, maintenance and reliability coisiderations, and the broader
aspects of life cycle costing, model development has not reached that
general state. In these cases, the discussion centers on the impact

of policy on resource acquisitien and utilization and available
methodological techniques. 1In all instances, the cost side of the
cost-effectiveness equation is stressed. This emphasis ig a reflection
of the primary intent of the series, the iwmprovement of training and
the development of communications within the cost analysis community.v

Introduction (T. Arthur Smith).

Economic Analysis and Military Resource Allucation (f. Arthur Smith).

Economic Analysis of the Army Logistics System (Rex Brugh).

Peacetime and Wartime Costs in Cost Effectiveness Analvais (John
McClelland),

Army Force Cost Models « An Example (T. Arthur Smitb).

Whither Life-Cycle Cout? (Arnold F. Klick),

A Method for Relating Combat Vehicle Operating and Maintenance Cdsts
to Reliability and Maintainability Goals (R.J. Byer, C.F., Blozan,
W.T, Towles),

Management and the Systems Analysis Mys:lgue (Paul L. Peck, Jr.).

Cost Estimations For Conceptual Systems (David 0. Cochran),

Vehicle Cost Model (Johu L. Hamilton).

Cost Analysis Methodology for T53 and 135 Turbine Engines (John L.
Hamilton & Jamez T. Wermley .
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: . - Economic Analysis for Engineering and Managerial Decision-Making
: Barish, Norman N,
i
‘ New York, McGraw-Hill, 1962, 729 p.
g
5 "This book is directed co persons who are corcerned with aconomic
{ analyses and aims to present the basic reasoning and methodology of
b various disciplines which are important in decision-making. Tt 1s
! designed to be practical vather than theoretical, It is technique-
oriented. Mathematical symbolism is kept as simple as possible and
; derivations or proofs are presented only 1f they are simple and will
! illustrate the subject matter," Part 1: engineering and business
; decision-making (chapters 1,2); Part 2: costs (chapters 3«8); Part 3:
; methods Lor tangible evaluatlion of alternatives (chapters Y-12);
; Part 4: capital management (chapters 13-17); Part 5: determinations
i of minimum cost and maxJmum profit (chapters 18, 19): Part 6: risk,
A uncertainty, and intangibles (chapters 20-27); Part 7: elements of
% economlc measurement, analysis, and forecasting (chapters 28-35).

I. Introduction.

II, Objectives and Criterla for Lngineering and DBusiness Declslons.
111, The Cost of Operating an Lnterprise.

IV, Cost Concepts for Decision-Making,

V. Interest and Time Value of Money.

V1. Depreciation,

Vil, Profits, Interest, and Return on lnvestuents,

VIll. Income Taxes.

IX. Annual«Cost Comparvlsons.

X. Pregent-Worth and Premium-Worth Comparigons.

X1. Determination of Rate of Return.

XI1, Determinations of Equal Cosi and Peyoul.

XI1I. Capltal Investment and Theory of Plavuing.

X1V, The Enterprise's Assets and Sources of Funds.

XV. Sources of Future Capltal Funds.

XVI. Capital Planning and Budgeting.

XVI1. The Econnmy of Replacement and Retirement (Economic Life),
XV1Il, Minimum~Cost Functional Relationships,

X1X. Programming for Minimum Cost of Maximum Profit.

XX. Risk, Uncertainty, and lntangibles,

XX1. Descriptive Statistics, Probability, and Expected Costs,

XXII. Probability Digtributions.

XXI1I, Sampling and Confidence Limits.

AXIV. Model Building and Simulation.

XXV. Simulating Risk (Monte Carlo Technique).

XXVI. Walting«time (Queuing) Evaluvations. !
XXVII., Evaluating Intangibles, :
XXVIil. Economics ot the Uirm.
AXIX. Measures of Economic Activicy. ]
XXX, Time-series Analyses,

X¥XXI. Regression and Correlation Analynis.

IR
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XXX1I, Econometric Models, Demand Analysis, ard Sales Forecasting.
XXXI111. Bhorterun Cost Relationships.

XX1V. Break-even Analysis for Profit Planning.

XXXV, Long=run Cost Variations (Scale of Operations).

Appendix:

Tables: X% interest factorsj 1% interest factors 2% interest
factors) 3% interest factors) 4% interest factors; 5% interast
factors; 6% interest factorsy 8% interest factors} 10% interest
factorsy 12% interest facters; 15% interast factors; 20%
intereat factors; 25% interest factors; 30% interest factors;
40% interest factors; 50% interest factors; uniform-gradient
conversion factors (values of factors to convert a uniform
gradient, g, to an equivalent uniform payment, R); areas under
the normal curve; student's t distribution; random digits;
random normal numbers (Gaussian deviates).

Charts: single-payment compound«amount factors for various intereat
rates from 4% to 50%; single-payment present-worth factors for
various interest rates from X% to 50%; uniform-series compound-
amount factors for various interest rates from ¥4 to 50%;
sinking-fund payment factors for various interest rates from
¥\ to 50%; capital-recovery factors for various interest rates
from k% to 50%; uniforme.series presente-worth factors for various
interest rates from ¥4 to 50%; curves for determining probability
of observing d or less Poisson occurrences in a sample nelected
from a population having an average of ¢ occurencas per unit of
space or time.

Selected Bibliography.

Index.
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Economic Analysis of the Integrated Facilitles System (IFS)
Noah, Joneph W.; Robert P, Caldavone; Carl R. Wilbourn

Washingtor, Planning Research Corporation, 1969, 101 p.
PRC R-1209%, Volume IX, AD 872 133L.

Summary: "The economic analysis of the IFS addressas the total
tesource requirements and benefits associated with the development,
implementation, and operation of a CONUS-wide system. 'The study
results provide information' to aysess the impact of IFS on Army
resourcas, and to indicate the magnitude of benefits that will
accerue to the Army from IFS. The economic analysis should be viawed
as a tantative effort.?

TR T T AL

T e e T T S

. 1, Introduction: purpose; summary; report organization,

4 I1T. Methodology: costsbenefit analysis; limitations.

: I11. Development of Resource Implications of IFS: functional

: resource implications; ADP resource implications; total costs,
; IV, Potential Benefits: general; benefits measured; benefits not

} measured.

; V. Costw-Benefit Comparison: general; conclusions,
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Economic Analysis of Proposed Army Investments
Headquarters, Department of the Army

Washington, Department of the Army, 1969, 23 p.
AR 37-13,

1. General Policies for Proposed Investments: general (purpose,
scope and applicability, explanation of terms, objectives,
policies, responsibilities, references); concepts (time period

‘ covered by an economic analysis, present value, discount rate,

‘ uncertainty, adjustment for inflationary trends).

: 11, Investment Proposals for Weapon Systems and Research Projectst
general; application to weapon system- application to research
projects; exceptions.

I17. Administrative Instructions: general} preparation of Format A

preparation of Format A-l; Preparation of Format B,

Appendix., Definition of Terms.
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Economic Analysis of Proposed AWC Investmants and Other Resource ‘
Managemant Programs
Headquarters, Army Weapons Command
i
Washington, Army Weapons Command, 1970, 11 p,
AWCR 11.20, '

This regulation implements AR 37-13 and AMGR 11-34 and prescribes
supplemental policy, responsibilities, and procedures to be employed
in applylng economic analysis to the US Army Weapons Command decigion
process,

1. Purpose,

I1, Scope.

I111. General.

1V, Objactiver,

V. Policy. = \
V1. Responsibilities, ’
VII, Procedures,

VIll, References, :

0y
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Economic Analysin of Proposed Department of Defense Investments
Headquarters, Deparcment of the Alr Force

Washington, Department of the Air Force, 1969, 44 p,
AFR 172-2,

This regulation is applicable to all commands and separate operating
agancies. Tt implements the attached DOD Instruction 7041.3 and
requires the preparation and evaluation of economic analyses on
proposed Air Force investments meeting certain criteria. It
entourages the submisaion of an economic analysis when it has
aignificant iwmpact on budget juatification. It prescribes the
necessary policy, procedures and assignment of responsibllities
necessary for the evaluation of economic aspects of proposed invest-
ments,

1. Background,

11, Purposes.

111. Applicability and Scupe.

1V. Explanation of Terms.

V. Poliey on the Use of Economle Analysals in Invedstment Denlsions.

VI. Procedures for Praparing and Submitting Economic Analysen.

VII, HResponsibilities of i1Q USAF Diractorate of Budget,

VI11., Other HQ USAF Office Responsibilities.

1X. Command Operating Agency Ruaponsibilities,

Attochment 1. References and Ralated Divectives,

Attachment 2, DOD Instruction 704l.3, 26 Fabruary 1969, aund
Change 1, 26 March 1969.

14




Economic Analvsis of Proposcd Department of Defense Investments
OFfice of the Assintaut Secretary of Del'enge (Cemptroller)

Washington, Depactmant of hefense, 1969, 40 p.
BODI 7041.3.

This instruction establighes policy and procedures for conslatent
application of economic analysis tu proposed Department of Defense
{nvestmant projecta,

1. Purpose aud Objoectives,

11, Policy.

111, Applicability and Yecope,

1v. Definitions,

V, Procedures: general (equal benefits, equal cost, both unequal),
time periovds covered; presant valuap didcount ratej unrertatnty)
adjustments for {ntlation) criteria Tor vacommending and selecting
investmentay preparation and submission of (nvaaumant propuosals,

V1. FEtfective Date and Implementation,

Enclosure 1, Referances.

Encloaure 2, Dafinltions,

Eucloaure 3, Inatructions for Preparing Formats A, A-1, and B -

Sumnary of Project Costs and Banalits: gemaral; fovmat A
format A=l fovwut By project year discount {actovd,

Enclosure 4. Technigues of Reonomlc Analyslst general; use of tha

present valuve (discounting) teechnique,
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Keonomic Analynls of Pruposed Department of the Navy Investments
Office of the Secretury of the Navy

Washington, Depurtment of the Nevy, 1970, 40 p.
SECNAVINST 000,14,

This instruction implements LCD Instruction on Ecoromic Analyeis of
Vropsosed BOD Investmants, and astablishes policy and procedure for
conststent applicuation of aconomic analyais,

Referencan.

1. Purpose,

11, Cancallation,

111, Objectives,

IV. Palle}’.

V., Applicability and Seopa.

Vi, Definitiona,

Vi1, Proeedures.

Enclosuve 1. Definttions.

Enclosure 2, 1Instruetieny for Priparing Forowce A, A-1, and B .
Summary of Project Costs and Reneflits,

Encloaure 3. Techniquos of Econoimle Analysia.




Economic Analysis of Public Investment Decisions: Interast Rate
Policy and Discounting Analysis
Subcommittes on Economy in Government

Washington, "8 fongress (Joint Economic Committee), 1Y68, 25 p.

Abstract: "In this report, the Subcommittee on Economy in Government
presen:s its conclusfang on the application of discounting procedures
in Federal Goverument bureaues and agencies and submits 1its recommnenda~-
tions on this matter. The subcommittee arcepts without qualification
the proposition that consistent discounting procedures and appropriate
[ interest rate policy must bu adapted throughout the Federal Government
i 1f wise and economic Inveatments vre to be made, Testimony presented
' to the subcommittue demonstrated that such consistency is not now
i present. The sibcommittee recommends that no public investment be
| deemec "economie! or "efficient” 1f it fails to yleld overall benefits
which are at least as great as those which the same resources weuld
have produced {f left in the private sector, This report deals with
the optilmum discounting procedures to be used in evaluating the
aconomicy of public investments,n

W . TR

oG W T

1. Intevest Rate Pollcy and Discounting Analysis « An Abstract,
11. The PlanningsProgrammling-Budgeting System is the Means for More
Efficient Covernment Dectisions.
111, 'The Discounting Procedure Must be Used if Good Public Investment
Decisions are to be Made,
1V, Current Discounting Practices in the Vederal Agencles are Neither !
Adequate nor Conaistent.
V. The Appropriate Interest Rate Concept is the Opportunity Cost of
Uieplaced Private Spanding,
VI, The Current Risk«Free Interest Raute which should be Used for
Evaluating Public Investments 1w at leaot 5 percent.
VIi, All Federal Agencies should Establish Coneilstent and Appropriate
Discounting Procedures Utilisging an Appropriate Base Interest H
Rate Computed and Published on a Continuing Basis. !
Apponaix, The 88T and the Interest Rate: An example of the role
of discounting.
Separvate Viaws of Repressntative Patman, i
faparate Views of Senator fparkman, ;
Supplemantury Views of Senators Symington, Jordan, and Percy.
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Economic Aspects of Military Procurement and Supply
Subcommittee on Defense Procurement

Washington, US Congress (Joint Economic Committee), 1960, 125 p.

A report by the subcommittee appointed to conduct a study of the
impact of defense procurement and disposal policies on the economy.
This study follows the subcommittee hearings on "The Impact of
Defensa Procurement" which were held January 28-30, 1960,

Letter of Transmittai.

Conclusions and Recommendations: general; scope of activities;
quality of operation} attempts at progressy GAO findings}
recommendations.

Leonomic Aspects of Military Procurement and Supplyt: introductiong
general summary,

1. Scope and Economic Impact of Military Supply and Related Functions.

1T, Quality of Military Supply Management: studies and reports.

111, Congraessional Efforts for Improvement: management (top manage-

ment agencies); supply management} supply mansgement in DOD.

1V. Reorganizing the supply and service functions in the Army.

Appendix 1. Quotations from provious Joint Economic Committee Reports
raweffect of military procurement on the aeconomy.

Appendix 2. Conclusions on management of general supplies in the DOD.

Appendix 3., Legislative history of competitive bid statute.

Appendix 4, President Truman's letter on negotiated procurement.

Appendix 3. Correspondence re-cataloging.

Appendix 6. Address of Secretary Lovett to Assoclation of the US
Army, August 1960,

Appondix 7. Correspondence re-stock funds.

Appendix 8. Data on GBA-DOD responsibilities.

Appendix 9. Background on integration of common supply in DOD.

Appendix 10. General Eisenhower on defense policy affecting supply
management.

Appendix 11, Congressional Correspondence on integrated supply.

Appendix 12, Strengthening of National Security Act.

Appendix 13, Corraspondence on unified contract audit.

Appendix l4. Corrvespondence on integrution of electronics supply and
communications,

T4




Economic/Cost Benefit Analysis of Proposmed AMC Investments
Headquarters, Army Materiel Command

Washington, Army Materiel Command, 1970, 15 p,
AMCR 11-34,

This regulation prescribes policy and procedures to be employed in
applying the fundamental concepts of aconomic/cost benefit analysis
to the AMC decision process,

1. Purpose.

11, Scope.

111, Objectives.

IV, Poliey.

V. Responsibilities.

VI. Procedures.

Vi1, Economic Analysis in the Decision Process.

VI1I. Major Concepts and Techniques: resource impact; scope of
coveragei evaluating investment alternatives; role in manage-
ment process; present day valuej economic life; uncertainty;
adjustments for inflationary trends; documentation; cost
astimating,

IX. References.

Appendix. Techniques Used in Economic Analyses. Formats, Project

Year Discount Factors.
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Economlic Forecasting
Stekler, Herman O,

New York, Praegar Publishers, 1970, 182 p.

The studies in this book present tz-‘niques and empirical results

! which are relevant elther for evaiuating or for improving quantitative
i economic forecests,

I, Quantitative Wconomic Forecasts: Judgmental and Econometric
Nethods.

I1. Forecasting with Econometric Models.

1II. Evaluation of Ecunometric Inventory Forecasts.

IV, An Evaluation of Quarterly Judgmental Economic Forecasting,
‘ V. Econometric vs., Judgmental Forecasting.

? VI, Data Revisfons and Economic Forecasting.

i VI, Selecting Economic Data: Accuracy vs. Reporting Speed.

: VIil, The Federal Budget as a Short~Term Forecasting Tool,

R e

N 1X. The Future of Forecasting.

| Appendix to Chapter 1I, A Priori Information, Models, and Forecasting.
- Appendix to Chapter 1XI, Regression Estimates of Inventory Equations.
& Appendix to Chapter I1II, Inventory Anticipations Data.

i Index.
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The Economica of Defense in the Nuclear Age
Hitch, Charles J, and Roland N. McKean

Santa Monica, The Rand Corporation, 1960, 424 p.
Rand No., R-346, AD 243 098.

"Economics 1a concerned with allocating reasources - cheosing
doctrines, equipment, techniques, and 80 on - g0 as to get the most
out of available resources., Economizing means trying to nake the

most efficlient use of the resources avallable. A major purpose of
this report is to show the usefulness of this way of loocking at
military problems, We consider the economic problems of defense at
each of three rather gross levels: the quantity of national resources
available, now and in the futures the proportion of thase resources
allocated to national security purposes; and the efficiency with which
the resources so allocated are used by the defense departments,!

Part 11 the resources available for defenme (chapters 3<6); Part 2:
efficiency in using defense resources (chapters 7-12)} Part 3i

special problems and applicationas (chapters 13«18),

I, Defenua as an Economic Problem (introduction).

11, The Backgroundt Defense against What? (introduction).

111, Resource Limitations: specific versus general constraints;
role of GNP,

IV, Diverting ONP to Detenset How Big a Defenme Budget?: bLudgetary

provess} program versus object) program sise; military personnel,

V. Indirect Effects of bDefenasa Spending.

VI. The Economic Strengths of the Major Powerst problems of

international comparison) GNP; defenve budgets.

Vil., Efficiancy in Military Decislons: optimal, efficlent, and
feasmible positiona; one input, two outputs) two inputs, one
output) economic analysis; the requirements approach) thae
priovitien approach,

VIII, An Illustrative Application of Ecunomic Analysisi problem;
misglion| alternatives) contm} criterion} models and procedure)
results and conclusione, Appendix ow the models and the
computat{onns cost coefficlents| agpregution of chavnels)
optimising prucedures,

IX, The Criterion Problem.

X. Incomnensuvables, Unvercainty, and the Enemy,

X1, DProblams Assoclated with Tims,

XI1, Institutional Avvangemsants to Promote Effictuney,

X111, MiliLavy Resdaveh and Devalopment,

X1V. Logtutice.

XV. 7The Economios of Military Alllance,

XV1. Economic Warfare and Dinavmawant,

XV1il., Mobilieatilon, Civil Dafense, gnd Hecupevation,

XVILL, Chouosing Pollclen for Detervence,

Appendixt  The Simple Mathenatics of Mandndwation  dntieduck Long
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constrained maxima} economic efficiencyy nonlinear programmingi
the gradient method.

Bibliography,

Index.
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Efficiency and Economy in Government Through New Budgeting and
i Accounting Froceduras

Novick, Devid

Santy Monica, The Rand Corporation, 1954, 122 p.
Rand No. R.254,

"A provosal for a vew methud of budgeting and accounting for the
milicavy, including ¢ the financial procaess & constant attention
to ceat constiderations, cost comearigons, and anplyals theraof, v

S e e T T T T LT

b, introduction.

11, The Role ot Budgiting and Accounting: budget functions; accounting
functionyy budpeting, accounting, and operationg predent {-~deral
budget and propusal present Padera) accounting and propraal,

111, Cose Considerat tong in Weapona Svetems Analvsals.

IV, Rand's Cost Analysis Method:  malor elimenta I aperation; avcumu-
latiog tatal costy the digeipetlon hetween ty\ natiment snd auiual
operat ing expenditurasy present application) cumpayrisen of the

- two metheds) pogsibilities of genuval applicatton; genaval

e uperat i6ial censiderat iors,

3 V. Detallod Baseription af Rand Hethedolagy! investment cagt

: categarlesy ahnual spsrating cost citagorles.

VI Out Hne of Accounting Svatsm Frepoked 131 the U5 Alr boree,

Appundiz |, Briet History of the Federal Budget,

. Appandis 3. Ceding Atvuntyra for Coit Analysis of tha VA Aty Vorce,

' Appendin 1, femple Weikehaet Forms,
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LEficiency in Government through Systema Analysis, With Emphawin on
Water Resources Development,
McKean, Roland N. (The Rand Corporation)

New Yorl, John Wiley & Sons, 1958, 336 p.

1The inquiry deals specifically with the comparison of water-resourcu
projects, but the compurison of alternative operations or policies of
othar sorts invelvas many of the same problema, and the broader purpose
of the atudy Ls to asstat in the general wstruggle for aconomy, {in the
improvament of analyals {v povertmeant, 4nd in the extension of its use,
Part t:  introduction {~hapter 1Yy Part 2: song general proulems nf
analysts (chaptera 2-6)1 Part Vv apecinl prohleme in the analvals of
wuter-tesource projects (chapters 7-10)y Part 4: tha problemy as
{ilugtrated by specific analyses (chapters L1, 12); Part 31 other
puteantial uges of annlysls to increase governmental efficieney
(chapte-s 13, 14),

1, S8etting, Scope, and Plun ol che Study,
11, the Cricerion Problemy crdtavtay proskimite criterta) avb-
optimigation; common evrors; appropriate crituria,
[11. The Approprinte Alternatives: relevant context) raelevant
voursds) intevrslatisnshipu,
IV, tntengibles, Uncevtalnty, and tritexia,
V. Time Btreaeg and Critavia: tilme horimen) measurad in dollave; 1in
phvatedl units,
Vi, What Can Ba boner » Regapitulation
VIl, Critevia tn tha HSalvetiuvn of Wuter-Resource Projecte,
Vil Kinds ol Banelit and Coarry 8Bplilaver Bffects) technologloal
petuniary; eunelstaney; vanktng sf profects,
I, ®inds of Wenefit) Ovar-zeunting, and Hacandary Panafitsr  double.
gount bilg) sasundavy haneflta) treatment of taKew,
%, Valuatien ai Baneftts,
KU, coea Htoudy Yo (he ttreen RHivar Wutetehad,
HUE, rase Mudy 20 danta Mavis Pretees,
XKtil, Anatyute Tos Paefovmanca Budgetdr  An 1llustratiang
Hiv. Analettnal Alsds to tieverimantal Ernnomyr A Buvvey of Oppoartunittes,
Appendin e Pussible Cloaatiteatiune of Expawlituren by Progiam, and
Indleatove ol Performanca,
Bibltegraphy.
fublinhad Rand Raseareh,
tndau,
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Elamentery Statistical Analysis
Wilks, “amuel Stanlay

Princeton, Princetou University Press, 1948, 284 p,

1. 1Introduction,
11, Frequency Distributions: fov ungrouped and grouped measurements)
cumulative polygons graphed on probabilicy paper.
I11. 8Sample Mean and Standard Deviation: for ungrouped and grouped
measurement ; sinplified computation.
1V, Elementary Probabllity:  in simple vepeated Lrials; permutations;
combinatlongy caleulation; mathematical expectatlony geometyic
probability,
V, Probability Digtributionst discrete; continuous; mathematical
maniputation,
Vi, The Binomial bBistribution: derivation; the mean and standard
daviation,
Vil, The Polsson Distribution: derivation; mean and variance;
fitting to a sample distribution,
VIIE, Tha Normal Distribution, generval propertien) applications,
IX, FElemente of Sampling: from a fintte and an infinlte gppulationy
thooratieal sampling disveibutions of suome and differences of
sample means,
X Gonfidence Limile of Population Parameters,
XU, Statisitcal Signiticance Tests,
Xit, Toesting Randomivss in Samplest rvunsy qualicy control charts,
X111, Analysia of Paire of Heasurements: method of least squaresy
glmplifind computation ol coefficients for vegtressivn liney
ganerality of the wmethod,
Index,
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Elements of Defense Economics
Hitch, Charles J. and Roland N. McKean

Washington, Industrial College of the Armed Forcem, 1967, 167 p.

5
E

The purpose of this text {s to introduce thn gtudent to some of the
epsertial elements of economic analysis which have come to pliy a
vital part in Defenge management since 1961, Part 1t analyt(cal
and factual background (chapters 1, 2); Part 2: the resouvca
available for defense (chaptera 3, 4); Part 11 efficiencv v uging
defense resources (Chapters b-H),

. 1. Defense as an Economic Problem.

- I1., Defense Against What?

& 111, Resource Limitations.

I 1V, Diverting GNP to lefense: How Big a Defense Budget?

: V. Efficlency in Military Decisions: three geucral approaches;

: optimal, efficient, and feasible posltions; one input, two

: outputs) two inputs, ore output; the elements of an econom. -~

analysis; the requirements approachy the priorities approaci:

some misunderstandings; efficlency in the large versus effici ney

ﬁ in the smally kinds of military decisions,

' VI. The Criterion Problem: criteria; some criterion errorsy
appropriate criteria.

ﬂ Vi1, Incommensurables, Uncertainty, and the Enemy.

Vill, Problems Associated with Time; why discount; what ratej what

| value for future inputs and outputs; some practical dodges)
3 undervaluing future outputs,
F Concluding Obsarvations,

X Index.
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Empirical Cost Est{imates for Military Construction and Price Adjunt-
ment Factors
Headquarters, Department of the Army

Washington, Department of the Army, 1969, 13 p.
AR 415417,

This regulation provides aempirical cost estimates for permanent
military construction, area price adjustment factors, and unit cost
adjngtment chart.

1. Purpore.

11, Genernl.
11I. Explanation of Tables and Unit Cost Adjustment Chart.
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Estimating Cost Uncertainty Using Monte Carlo Techniques
Dienemann, Paul F,

Santa Monica, The Rand Corporation, 1966, 49 p.
Rand Memorandum RM-4854<PR., AD 629 082,

Summary: '"Suggested in this Memorandum is a ‘echnique for expressing
cost astimates of future systems as probability distributions to

reflect the uncertainty of the estimate. The impact of this infermation
is shown to be relevant to the decirion-making process. For the

purpose of the study, the relationship between the sources of un

certainty and system cost estimates is depicted as an input-output wodel.

Within thls {ramework, a procedure was developed Lo estimate probebility
distribution for each of the input uncertainties. From the input
distributionn, a Monte Carlo procedure is used to generate a series of
system cost estimates, A frequency distribution and common statistical
measures are then prepared from the set of output astlmates to

ascertain the nature and magnitude of the system cost uncertainty,

To {llustvate the proposed tochnique, a case study involving the cost
eatimate of a hypothetical alrcraft system with aiv-to-surface missles
18 presented."

Praface,
Summary.
I, Introduction: sources of uncertainty; relevance to decision-making
expressing cost uncertainty,
I1. Monte Carlo Techniques for Estimating Uncertainty: simulating
probability distributions; estimating system cost uncertalnty.
I11. Case Study: Individual Weapon System Cost Analysis: input
provability distributions; Monte Carlo simulatiou of system
cost uncertainty) case 1 (cost-estimating uncertalnty); case 2
(total uncertainty); conclusions,
IV. The Greater Froblem: Uncertainty in Cost/Effectiveness Studies.
Appendix A, Weapon System Cost Model Inputs.
Appendix B. Weapou System Cost Model Outputs.
Appendix C. FORTRAN Subroutines for Estimating Uncertatuty.
Bi{bliography.
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An Extended Concept of Model
Quade, E.S8.

Santa Monica, The Rand Corporation, 1970, 13 p.
Rand No. P-4427, AD 710 639.

A slightly abbreviated version of this paper will appear in the
Proceedings of the 5th International O.R. Conference. "The function
of a model in operations research is to 'predict and comnpave'; to
provide a logical way to forecast the outcomes that follow alternative
actions and, hopefully, to indicate a preference among them, A
mathematical formulation with which one can optimize is an extremely
valuable aid to this process., But it is not crucialy there are other
routes., What is cruclal to every decision process is reliance on
expert judgment and intuition., This reliance permeatan every aspect
of operations -« in deciding what apptoach is likely to be more
fruitful, in designing the model, in determining what the facts are,
and in interpreting the results., One greac virtue of model bullding
is that it provides a systematic, explicit, and efficient way to
focus the requiraed judgment and intuition,

A model, by introductng a precise framework and terminology,
serves as an effective means of communication, enabling analysts and
various experts to exercise thely intuition and judgment in a well-
defined context and in relation to each other. 1n addition, it
provides foedback to guide the participants in the revision of their
earliar judgments., It iy these feutures of the mndel that are
assentlal to its role in supplying a route from hypotheses to pra-
diction, not how explicitly it represents the rual world or whether
or not it provides a formal or quantitative scheme for optimisaticu,

"The author'!s contention is that “there ure advantages in uglng
approachas that sacrifice representation also. Thiws suggests taking
a broad view, accepting as a model any device that provides a loglcal
means to predict and compare the outcomes of alternative actions,
rugardiess of its representative features or how efficiont it is at
optimigation, Calling such a device a 'model! {in the context of §
operations research would help to counter the bias toward mathe-
matical models acquired by so many analysts through thelr education
and work with induatry."

Therae follows a discuasion of one such device, the Delphi
procedurae,

References.
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The Feasibility of Deriving a Cost/Effectiveness Formula for Man/
Machine Function Allocation
Connelly, Marilee N.

San Diego, US Naval Personnel Research Activity, 1966, 75 p.
Research Memorandum SRM 67-4., AD 619 674,

Abstract: "This report presenits a summary of progress nade in a
continuiny investigation into the feasibility of deriving a cost/
effectiveness formula for man/machine function allocation. A
preliminary cost/effectiveness formula is presented with an
evaluation of the sources and availability of the data irputs
required by the formula. Using & preliminary formula and methodology
as a banls for the analysis, it was concluded that adequate mrasures
of cost are available but that adequate measures of variable effective-
nesa have not yet been Jdeveloped. Dus to complexity of the cost/
effectiveness formula and to the lack of accessibility of input dJata,
a large amount of time and money will be required to perform function
allocation analvees. 1t was determined that the derivation of a
cost/effectiveness formula for man/machine function allocation is
feanible., At this time, cost/effectiveness analysis seems appli-
cable to most cases of function allocation and appears to offer a
reliable method for the allocation of functions between man and
machina."

Birlef.

1. Introduction: cost/effactivenass; purpose; scope of report)
ramearch approach; background (function allocation, the concept
of using cost/wffectiveness for function allocation).

11. Procedure: cost (equipment, personnel, utilising the cost

formula); effectivenesn.

111, Concluslons and Re:owmendations,

Appendix A. Branching Model of the Cost Formula.

Appendin B, Derivation of Cost Formula for Cont/Effectiveness

Function Allocation Decisions,

Apgendix €, Index of Symbols (Derived Order).

Appendix D. Index of Symbols (Alphabetica! Order).

Appendix E, Perwonnel Cost Klements Source Table.

Selected References.

Table 1. A Summary of the Avallatility of the Inputs of the

Preliminary Pwrsonnel Cost Formula,

84




Game Theory

Kahn, Herman und Irwin Mann

Sante Moriica, The Rand Corporation, 1957, 65 p.
Rand No. P.1166.

This is a draft of a report to be included as a chapter in a book
titled Military Planning in an Uncertain World, Topics include the
following: matching pannies, modified matching game, a game of ruin,
noley duel, silent duel, definitions and formal results, attacking

targets of unequal importance, the trader and the cannibal, n-person
games,

Bibliography.
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Games and Deciasions
Luce, Robert Duncan and Howard Raiffa

New York, John Wiley and Bons, 1957, 50¢ p.

This book attempts to communicate the central ideas and results of
game theory, and related decision-muking models unencumbered by

their technical mathemutical details. ;

1, General

Introduction to the Theory of Games.

17, Utility Thoory.

I1Y, Extensive and Normal Forw..,

IV, TwosPerson Zero-Sum Games,

V. ‘Two.Parson Mon-Zero-8iun Non<Cooperative Games. :
Vi, Two-Person Cooperative Games.

VII. Theories «f n~Pareorn Games in Normal Forn.

VIIL, Characteristic Functions,

IX. Bolutions,

X, Stability,

XI. Reasonable Outcomes and Value,

X11. Applications of n-Person Theory,

XIII, Individual Decision Making under Uncertainty,

XIV. Group
Appandix 1,
Appendix 2.
Appendix 3,
Sum Game.
Appendix 4.
Game.
Appendix 5,
Appaendix 6,
Appendin 7,
Appedix 8,

© st B S s <~

Decision Making.

A Probabilistic Theory of Utility,

The Minimax Theovem,

First Geometrical Interpretation of a Two-Person Zerow

Second Geometric Intavpretation of a Two-Person Zero-Sum

Linear Programming and Two-Parson Zero-Sum Cames.
Solving Two-Person Zero-Sum Games.

Gamea with Infinite Pure Strategy Secs.
Sequential Compounding of Two-Person Games.

Biblivgraphy.

Irdax,
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i A Ganeralised Cost Modei ‘or Military Syatems
Eltel, L. Prank

El Segundo, Aerospace Corporatilon, 1965, 8 p.
Report No, TOR-469(553C " )«3, AD 4B4 388,

Abptract: "The rapid development of complex schemes for estimating
the costs of military systems has obsuured the fundamental requisite
structure of uystems cost wodels, Vv this paper, some of the major
ralationships sreé restated symbolically to describe the major features
of these models and to psrmit & move loglcal development of the

1 general problem. The primory interfaces between system costing and

; the other related desipgn, planning, and analysis activities ave
discunsed with refereénce to tham requirements which these latter
sctivities place upon the cost wndal,n

TR ot e Ty

1. Introductiuvm.

11, dJdeneral Economic Models and Vefinitione.
111, The Bastic Estimatiung Tachniue.

IV. Comst ag a Function of Quanti:y,

V., Synthesising the System,

Vi. Financial Planning,

VIL, Economic Planning and Resource Constrainta,

87




Government Desision«Malting and the Theory of Cholce
Bmithies, A.

Santa Monica, The Rand Corporation, 1964, 11 p,
Rand No, P=2960. AD 607 584,

Discussion of the decision~-making processes in government and thae
importance of racognising that this process must he designed both

to determine the objective function and to achleve an efficient
allocation, The central purpnae of this paper ie “to denonstrate
the fundamental role of cholce among alternative cou-ses cof actdon
in government, decisionemaking, The process of chotice not only polats
to the most efficlent way to attain givean objectives, btut is basic
to the determination o the objectives themselves, Decision-making
thus Unvolves nut nerely determining how given objectives can ba
sttained at minimum costs, but also exploration of the variety of
ways in which resources can be effectivoly employed, Recognition

of the latter aspect of decision-making hus evoked » new set of
concepts such as program budgubing, cost effestivenesns, and systoms
avalysis. This paper attumpts to examine the nature of decision-
making in terms of stardard economic theory, and hopafully, to throw
1ight on the implications of the new vocabulary."
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Guide for Reviewurs of Studies Containing Coust-Effectivensss Analysis
Heymont, X.; O. Bryk) H. Linstone} J. Burmelr

McLean, Research Avalysis Uorpotetion (Economics and Conting
Nopartment), 1966, 67 p.

"o usslet in the review of studier containihg cost-effectiveness
analyses, a series of quevtions with explanatory notes have been
prepared, Thene questions, teken together, will not necessarily
cover all aspects of all cost-eiffsctlveness analyves. No on¢ general
list of questions can Jo that. Rather, the questlens are designed

to focus the attenllon of the reviewer on selected aspects to sssist
him in evaluating the analysis, All the questions are not applicable k
to all studies uud they are not necesasarily of equal importancé to .
those studies where they do apply » . +» This document is intended !
only as a guide and not as a full and comprehensive treatment of p1l
aspecty of comteeffectiveness analyniw,!

Foreward,

1. CGennral Background: introductinng cost-offectiveness avialysis and
the estimute of the situationy assencial elementm; the sbjective;
altermatives; coat{ modelsy criteriaj role of judgment; vsview ot

| studiea,

i 1T, Key Questionss statemant of the problumj assumplions; aslternutives;

i docuentation and dataj cost; relatlonships (wodels); aqual ‘

i effentivaness mechods; eoffectivensys; criteving cout-effuctivunens i

A

"

i curves; conclusions and vecommendutione, |
Y Qlowaary, ;
d Belected Quentions.

g Motiography,

N 1ndex,
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Guidebook for Bystems Analysis/Cost Effectivenems (Note 1)
ARINC Research Corporation

i Annapolis (Matryland), ARINC Research Corporation, 1969, 449 p.
) ARINC No, R00-01-01.937,

Purposet tu provide USAECOM personnel with a text and reference
material Iin systems analysis and coat effectiveness; intended for
technical, scientific, management and administrative pevsonnel

v respanaible for preparing {fnformution, making decisions or reviewing
[ decisiong regacding life-cycle cost, system effectiveness, or

i technical feasibllity of a system or equipment at any phase in its

| 1ife cycle.

1. introduction: definitlons) background; methodologyy applications;

limitat fong,

11, General Mathodological Approach to Systems Analysis/Cost
Effectivenoss Studies: Input informatton (Army Force Development,
Combut Development Objectives Cuide, Qualitative Materiel
Developmwaat Objective, Qualitative Materiel Requirement); defining
requirements and objuctivesy mission profileay critical
pertormance parametera; alternative systems (total system, system
configuration synthesis, state-of«the-art analysis); hardware
characteristics; evaluating effectivenass (availabiliry,
depandabllity, capability); measures of effectivoniess; models
(asoumptions, udequacy, reprasentativaners} uncevtainty, data,
validity, typeu)} affectiveness equiiions| cost equations (Rand
method, cost-estimating velationshipa, problems, application)y
exorcising the modely dectston model (optimization criterion, risk
and uncaertainty, optimiention techniques, leverage offecty,
interpretation),

111, Techniquest simulatiung queuing theory; sequencing avd marckov i
processna] dnventory and raeplacement) linear and dynamic i
programmingy pame theoryt Infuormation theory; analytaic nodels
(Lanchaster's equations, calculus of vartgtions); decisdion
theovyy cost-ent imating veluti{onships and confldunce fntarvals;
pupRrLonce turves| cost-sennitivity analysis,

IV, Basic Mathematical and Staristical Conceptsr probabilicy; algebxaic
privneiplos and formuless (counting principlews, permutations,
combinations, basle probabilivy laws, application to reliability),
probabilicy distributions (definitfonn, propertisme, parametors and
moments, discrete probability distributions, continuoun distri
butionag) | entimation (nonparametric, parametcic).

Appandix A, Glosanry,

Appendix B, DOD and AMC Divectives: DOD Divective 3200,9% AMCR 70-28,

Appandin ¢, Scotiuevical Tablew: wtandard normal vable} table of t

statisricy chi-aguarad table; tuble of F valuesy table of cxitical )
values; exponantial tabley table of 2/x(p,d); table of valuew of v¥
(ragquired numher of felloren)) tabile of v(X); contidence beltw Eor
proportions,
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Appondix D. Bibliography.

Appendix B, Guide for Reviewera of Studies Containing Cost«
Effecstivaness Analyasis,

Appendix F. An Bxample of s Recent Communications Cost«Effectiveness
Analystis.

Tndax.

Note 1t This document has also been published as AMC Pamphlet
AMCP 706-19], entitled: "Engineering Design Haudbook «
Systems Analysis and Coat-Effectivenesst!, Apvil 1971.
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o
] Guidelines for the Presentation of Army Cost Analyses
! Resource Management Corporation

Bethesda, RMC, 1970, 58 p.

i

RMC Draft Report UR-125.

E Prepared for the Comptroller of the Army, the body of the report itis
i addressed to the formation of guidelines for presentation of Army

; cost analyses, The organization of the report is in the form of

! three questions: To whom and for what reason are cost analyses

! presented? What analysis should support Army cost presentations?

i and What 18 to be presented? . . . Tha scope of the present effort

£ is limited to future weapon/support systems only, Additionally,

i the study is limited only to those types of decisions made by the

4 Chief of Staff, which do not necessarily correspond with the same
decisfons as the Office of the Secretary of Defense,!

I. Introduction.

I1. The Organizational and Decision Context of Army Cost Analysis:
current Army managenent of individual weapon/support systems;
senior officer materiel review board; selected acquisition reports;
aggregate management of Army Materiel; analysis of current
practices.

11T, Elements of an Army Cost Analysis Procedure; weapon/support

cost analysis cost tracking procedures; review of weapon/support
systems cost estimates submitted to COA/DA; system review; what
are the assumptions used in the analysis; force specification;
materiel and personnel specification; cost evaluation and cost
estimating tools; cost estimates; force structure analysta;
sengitivity and uncertainty analysis.

IV, Presentation Formats.
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Guidelines in Accumulating Financill Data on Future Weapons
Pardee, F.S. ; \ \
. i )
Santa Monica, The Rand Corporation, 1960, 46 p.
Rand Memorandum RM~-25B3-ARPA. AD 418 652, - !

Sutmary: rmWeapon system evaluation involves systematic and critical

examination of alternative means of performing specified military

tasks of missions. In this analytical process it 18 necessary not

only to measure technical and operational capability, but alsc to

obtain A rveasonable estimate of total financial requirements and the

variations from case to case, This paper attempts to provide '

guidance in collecting the financial data necessary to the evaluation,un |

I. \Background: ‘place of cost in the over-all gvaluation process; the
‘financiul data cycle; cost coucepts; the uncertainty isaue.
II.‘ Description: prime hardware; development and operational concept;
. program phasing; potentlal bottlenecks - state-of-the-art And
' resource shortages. \
ITI, Requirements for Financial Data: definitions; form 1 «
contrzactor and/or arsenal development, production, and support
(devalopment, production, support, industrial facilities);
form 2 - cradle-to-grave cost (research and development,
init:ial investment, operation, example of senhitivity analysis).
General Rexerences.
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How Much is Enough? BShaping the Defense Program, 1961.1069
Enthoven, Alain C. and K. Wayne Smith

New York, Harper & Row, 1971, 364 p.

"This book was written for three main purposes. The first ia to
record some of the valuable lessons regarding strategy, force, and
financial planning learned in the 1950's and 1960's and applied in

the 1960's in the hope that by doing so, they will not have to be
relearned in the 1970's, The mecond is to make a case for what we
helieve to be the proper role of the Secretary of Dafense: that 1is,
personally to grasp the strategic issues and provide active leadership
in developing a defense program that sensibly relates US foreign
policy, military strategy, defenmse budgets, and the choice of major
weapons and forces, The third i{a to incresse public understanding of

the uses of analysis in defense decision making and to help build
support for. its increased use.!

Preface,

1, Unfinished Business, 1961.

I11. New Cencepts and New Tools to Shape the Defgonyu Program,
111, Why Independent Analysts? |
IV, NATO Strategy and Forcen.

V. Nuclear Strategy and Forces.

Vi. Yardsticks of Sufficiency.

V11, Three Controveraial Program Decisions.

VIII, Some Problems in Wartime Defevnse Management,

IX. Unfinished Business, 1969,

Source Noteas,

Index.
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*The Impact of Discounting, Inflation and Residual Value on Life
Oycle Chrats of Weapon System Acquisition!
Johnston, MAJ John D,

United Scates Air Force, Assistant Chief of Staff (Studies and
Analysis), 1 May 1970, 32 p.

A paper presented at the fifth annual Department of Defense Cost
Symposium, held at the National Bureau of Standards, Gaithersburg,
Maryland, 24 March 1970, "The purpose of this paper is to point out
some of the fundamental economic considerations pertinent to
discounting, discuss some of the factors which impact on discounting
when applied to weapon system acquisition, present an example to
illuetrate the numerical implications, and draw a few conclusions."

Foreward,

Introduction,

The Impact of Discounting.

The Treatment of Inflation,
Planning Period and Residual Value,
Intangible Benefitu,

Summary ,

Bibliography.
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An Individual System/Organieation “ost Model

Surmeier, John J.} Jodie T. Allen; AV, Wittner; W.H. Bennatt; Alfred
D, Stementy Allan Akmar

McLean, Research Analysis Corporation, 1966-68, 3 Volumes, 333 p.
RAC.TP-183. AL 627 418, 820 645, 825 700, 825 701, 827 100,

Volume 1. Concept and Application,
Inttoduction.
Concepts of the Design and Use of Cost Models.
The 150C Model,
Example of a Specific Cost Model,
Example of the Use of the I30C Modal.
Volume 1I, Computer Program Design and Operation.
Computer Model Structure.
Data Preparation for the ISOC Model,
: Model Operation.
3 Volume T1I. The Tactical Air Defense (TAD) Model: a Time Phased
» 150C Application,
The TAD Model: Phase |
The TAD Model: Phave ..,
Volume IV, Review of Selected Applicationn,
Introduction.
General Description of the I50C Model.
Raview of Applications.
Typical Models and Specific Model Variations.
Detailad Descriptions of Belected Models.
Further Developments of the 150C Model.
Volume V, The Army Division Cost Model.
Introduction, '
The Army Division Cost Model - Its Characteristics and Applications.
The Division Cost Model as an 180C Application.
Inheritance,

Hypothetical Case Study ~ Costing Alternative Tank Programs.
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Individual Weapon System Computer Cost Model
Boren, HlEO. Je.

Santa Munica, The Rand Corporation, 1964, 166 p.
Rand Memorandum RM«4165-PR,

"This memornndum describes the pressnt atate of davelopment of a
computer model used to determine the resource reguirements associated
vith !ndividual weapon systems., The discussicn ia utiented toward
describing the artual operation of the model rather than the undar=
lying reasons for the methodology used."

Summary .,

1, Introduction,

11, Weapon System Cost Model - Ceneral Dascription,

111, Subroutine READ.

IV, Subroutine INDEX,

¥, Subroutine BASIC,

Y¥I, Subroutine PERSO,

Y1l. Subroutine APCO,

V111, fubroutine COST,

X, Subroutine ASMY,

X, Hubroutine OUTL, OUTR, and DUMP,

X1. Conclusiovns.

Appendix A, Fixedwpoint and floating-point number systeams,
Appendix B, Program Variables.

Appendix C. Sample Input Sheets.

Appendix D, FORTRAN I] Symbolic Prograin of Rand tost Analysis

Dajartment Irdividual Weapon Syatem Cost Model.
Bibliography.
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Taformation for Decision Making: Quantivative and Behavioral
Dimensions Happort, Alfred, Kditor

Englawood Cliffs, Prentice-~Hall, 1970, 447 p.

The book {8 addrensed to the informational aspects of management
systems. The primary objective i to relate advances in information
tachnology, quantitutive methods, and the behavioral sciences, to
the task of effactively designing and using decision-oriented infor-
mation systems. Part l: background and approsch (chapters 1, )y
Part 23 information for planning and contrrl (chapters 3.8); Part 3:
behavioval aspects of information (chapters 9, 10).

1. A Setting for Information and Decisionss the structure of
management decision theoryy accounting tor dacision making)
management mistnformation systems} basic concepts for uasigning
4 fundamental informatfon syarem.

11, Development and Use of Models: oun the art of modelingy conputer
simulation « a solution techniqua for mandgement problems;
heuristic models - mapping the mage for management,

111, Basic Framework for Planniug and Control: framework for analysis;
longrange planning = challenge t¢ management sciencey a program
of research in business planning,

1V. Coping with Uncertainty of Relevant Plamning and Contrel
Variablem: forwcasting considerstion in design of management
information systems; multiple reg«a: ion analyules of cost
bahaviory sensitivity snalysis s . Joclnion making.

V. Integrated Planning and Control Models - Selacied Applicecionss
simulation in financial planning) a linear programming model for
budgeting and financial planning; an accounting system structure
on a linear programming model.

VI, Information for Production and Marketing Decisions: costevolume
profit analysis under conditions of uncertainty; PERT/Cost - the
challenge; a design for tha firm's marketing nerve center,

VII, Information for Evalustion of Risky Capital Investments:
uncertainty and its effect on capital {investment snalyein; a
review of sama} stochastic decision trees for the analysiw of
invastment decisfonsy limit DCF {n capitsl bLudgeting,

V111, Decentralised Financial Control Systems; return on investment -
the relation of book yiald to truv yield; naow system for
divisional control; accounting implications of s mathematical
ptogramming approach to the transfer price problam,

IX. Motivational Information Systems.

X, Impact of Information on Necision Making.
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An Introduction to Cost-Fffect{veness Analysis
Crosme, Robert N,

McLean, Resedrch Andlyais Corporation, 1963, 27 p.
RA( Paper RAC-P-5. AD 622 112.

This papar 1is designed to show the bamlc theory underlying coste
effectivenens analysis and to be a beginning for devaloping the
tools and language that would permit greater ease in use and under-
standing of cost-effectiveness analysis,
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An Introduction to Equipment Cost Eptimating
Batchelder, C.A.j H.E. Borenj H.,G, Campbell; J.A. Deil Rossij J.P, Large

Santa Monica (Californis), The Rand Corporation, 1964, 121 p,
Rand Memorandum BRM-6103-8A, AD 702 424

Prepared for the Office of the Assistant Secretary of Defonse (Systems
Analysin) and dealing with the fundamentuls of cost analysis, This
memorandum conatitutes the introductory portion of a book on the
subject of military cost-estimating procedurvs,
pp. 77 and 121,

Bibliographies on
1. Cost~Fstimating Methods:
statistical approaches,

11, Data Collection and Adjustment: collection (litstorical, resource,
physical and performance characteristica, program); adjustment
(definitional differences, physical and performance considera-
tions, non-recurring and recurring costs, price-lavel changes,
cost quantity adjustments, other possible cost adjustments),
Statistical Methods in Development of Estimating Relationships:
simple linear regression (least-squares estimating, statistical
inference, pradiction intervals); curvilineayr analysisj multiple
regression analysis) documentation,
1V, Use of Cost-Estimating Relationships: characterisvics, hprdware
considerations, judgment,
V. The Learning Curve: the log-linear hypothesis (uanit curve,

cumulative average curve); nonlinear hypothesisj plotting a curvey
varlations: applications.

industrial engineering, aralogy,

111,
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An Introduction to Equipment Cost Lstimating (Note 1)
Large, J.P,

Santa Monica, The Rand Corporation, 1968, 139 p.
Rand Memorandum RM-5470-SA., AD 664 825.

Summary: "This memorandum discusses the fundamental problem of
estimating major equipment costs and suggests that for many purposes,
particularly for governmen: cost analysis, a statistical approach

is the most suitable. Tha kind of datz required and the adjustments
needed to make the data useful are discussed in some detail. The use
of regression analysis in deriving cost-estimating relationships is
described, but it is emphasized that unquestioning use of estimating
relationships obtained in this manner can result in serious errors.
The concepts unierlying the cost-quantity relationship generally known
as the learning cuive are presented along with instructions for its
use. Finally, the problem of. uncertainty in cost estimating is
discussed and a few suggestions for dealing with the problem are
included."

Preface.

Summary.

I, Cost«Estimating Methods.

II., Data Collection and Adjustment.

ITI. Using Statistics in the Development of Estimating Relatior.ships:
curvilinear analysis (logarithmic regression, second-degree
equation); multiple regression analysis; documentation;
bibliography.

IV, Using Estimating Relationships: understanding the estimating

relationship; understanding the hardware; judgment.

V. The Learning Curve: the linear hypothesis; nonlinear hypotheses;

plotting a curve; variations; applications; bibliography; appendix.

VI. Uncertainty: proposals for treatment of uncertainty.

Note 1: This is an earlier version of the Publication described
on Page 99.
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Introduction te Operations Research
Cisurchman; Chayles West; Huseall L, Ackotfy B, Leonard Arnoff

New York, John Wiley and Sonm, 1957, 643 p.

"This book has two objectives: (1) to provide operatichs resnarchers
with a bas{s for evaluating the field and for understanding its
potentialities and procedures, and (2) to provide porential
practitioners with a survey of the fleld and a basis on which they can
plan the furcher education requirved for competence with the metheds
and techniques," Part 1: dintroduction (chapteva 1-4)y Part 2: the
problem (chapters 4.6); Part 3: the mcdel (Chapter 7)4 Part 4,
inventory moduls (chapters B.10); Part 3; sllocntion models (Chapters
11.13)) Part 61 waiting-time wodels (chapters 14.16); Part 7
replacement models (chapter 17)) Part 8y competitive thudals

(chapters 18, 19); rary 9: ctesking, control, and implementation
(chapters 20, 21); Part 10+ adwinistration of operations research
(chaprar 227,

T+ The General Nuture of Operations Resaarch,

I1. An Operations Researel Study of a Hystem as a Whole.
ITI. Reaearch Team Approach to an Inspaction Operation,
1V, Analysfa of the Organization,

V. Formulation of the Problem,

Vi. Welghting Objeciives.

V11, Construction aund Solution of the Modal,

VIill, Elementary Inventorv Modals,

IX. Inventory Modals with Vrice Breaks,

X. Inventsry Models with Reatricriona.

XI. Linear Progrumming,

XI11. Thae Assignment Problem,

K111, Some 1llustrutians of Allvcstion Problems.

X1V, Queuilung Models.

XV, Traftfic Nelays at Toll Booths,

XVI. BHequencing Modelu,

XVII, Replacament Models.

XVIII. Tha Theory of Cames,

XIX, HBiddiag Modele,

XX. Data for Model Testing.

X1, Controlltng and Implemancing the Loluiiem,

XX1I., Belection, Training, aund Orgevdsation of Oprrzations Resoarch.
Autlior lndex.

Subject Index.
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% Totyoduct fon to Probability and Stutistical Dasciston Thesry
Hadlay, George

' Han francisco, Holden-Dey, 1967, 380 p,

I'his work 1s intended as & nodern introduction o probability and
atat‘atlcal decision theory for thoss with ne previsus training in

I these areas., ‘The Bayesian apprnrach to decision theary, based on the
; 4ae of prior probabilitfes and utilities, 1s cmphasized,

1, Fondatfons of Probabidity Theory: staifatical deuislon theoryy
mathemat {zal wodels) probability dnd relative frequencies)
probabiiity and the degree of rational beliety set theoryy the
eveut sety the basic probability modal; avaluatfon of the
probabilitles of the simple eventu; the came of equally likely

: simple eventi| sowe uimp?e rasultay randor variablea; expected
vielue of a rondom variable distributiov of a random variahley
the surmation vetationy functions ¢f & random variable; vaciance
of a random variable.

11, The Theory of Yiildtyy projectr; decision rulesy introduction to
uncertaintyy single atage, two stage, and n.stape lottariag; the
model of catlonal behavior; use of expected monetary valuaa,

] 111. Single Stage and Sequential Decisfon Problemy, and Thelr Solution.

' V. Single-Btaye Ducinfon Problem: the pormal form) the geunevsl
ningle stage invantory preblem) fvcremental analysing the ucrap
allowance problem) the uxpacted coat of uncertaintyi oppovtiniiy
lossy periodic vaview inventorv syatams; probabilities not knowny
mixed srrategies; gaometric intevprotation) Buyas' etrategy. ;

V, Additional Develnpments of Probability Theory:s decomponable
experimentny peoduct models; {adependencze; combinatorial aaalysisg :

the binomia) distributiong the Polsson disteibution; the Pascal

distributiong sampling anct hvpaygaomstric Jdiscriburion,
Condivi{onsl Probability Models snd Joint Dlstributions: Bayas'
law;s linsar comblnationg of vandom variables, %

VI1. Continuous Rundown Vuriabing: the normal distribution; treatment) !

rae o) enloulusy normal diverdbutione; pomma distributiong 1
;
]

e
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Vi

Joint and conddtional dennity tunctions) yeomobrie probabilicy

problame; Lineav combinations of rvandow vartables; the cantral
Hmit theorem; simulat lon,

VITL,  Use of Experiments in Dacision Problems.
1X. Connection with Clarsica) Heavistics: hypotheses testings
eptimitiony ervory of salectivon or massurement.

X. ‘The Poisson Pencaan:  mtochastic processes) the Poisson procesa
A W recurrent avoent PYOcRRg .

X1. Sequevtial Decipion Problemd) the backwdrd solutiong mult istags
inventory problemn.
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A Introduction to Hystems Analysis
Hoag, Maliolm W,

Santa Monica, The Rand Corporation, 19356, 21 p.
Rand Memorandum BM~1678. AD 101 071,

"This matertal was giveu as an orientation taulk to an Alr Force gioup
visiting Kand, {ts limited purpose 1s an elenentary exposltion of some
conceptual issues that ave relevant for a8 eritfcal understanding of
Systems Analysia, Muny cenceptual subtleties #ud all iesues of analytic
techniques are avolded." Any vational choice !nvolves the balancing

of objectives agaiust the cret of thely attoinment, This in tuen
involves several issues! determinecion eof relevant alternatives,
establishment of criteria, preparetion uf & "modelr, and interpeatation
of the results of analysis, The author appraachas sach one of these
issuss in this memorandum, then concludes with a reminder of the
fmportance of judgment, it is vary clzai that Rystems Avslysis aw
currently practiced, and probably as practiced in the Future, {s& mich
more an ort than a sclenca,t
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Introduction to Systeme Gost<Effectiveness
Reiler, Karl 111

New York, Wiley«Interaclence, 1969, 108 p.

An outgrowtl of lecture nhotes preparesd for courses in systems coste

effactivenens, with suggested reacings to depth studies of the
mathematics involved,

LB R,

Introduct fon,

L. Cost Factors: level of use; inheritance; research and develope
ment§ inpute; outputs (total, variable, fixed, average, marginal
roste; optimal returv putpuc versus optimsl efficlency output)

! relative activity levels; short-run, long-run costs); time

1 (¢imcounted cost, obtainabllity cost); parformance; geographic

1 location,

; 1I. System Cost Models: matrix wmodela; cort of elements; model

expanpion} minimizing total svstem cost} period costing; time

i phasing) fixed cost proration;y variable cost nonlinearity; cost

; modul aggregation; differential cost models; probabilistic cost,
E‘ 111, System Effect{voness Models: probability product modely basic

§ perfotmance (confidence limits, multiple performance parameters);

availability; reliabilicy; survivability (microunalysis, macro-
analysis); model expansionj maximizing total systom effectiveness;
period versurn mission effectiveness; time phasing; probabilistic
offeactiveness.

IV, Systam Comt-Effactivenesa Models: donain of feasibility;
homogeneity (time, geography, possesslon, scale)} ratio model
(optimal efficiency aystem versus optimal effuctiveness system);
indifference curve model (combination of two mystenms, combinatlon
of three and moL¥ than three systema, limitations); mathematical
programming) rtheory of gamea; probabilistin cost-effectivenessj
decision making and the cost-effectiveness rricverion (technological

advances, resource svailability, political sensitivity, psychologi=
cal stimulun),

Otliex References.
Index.

104

PUBL e g e e T U I R e B R AT i ST b sts A eh T B 5
T [ g ege O e g R




= n-~ql“n1r'mlw—_,wh4muw

Learning Curve Methodology for C:st Analysts
Datilaus, Frank and Joseph S. Roj

Rt C R A P

Washington, Headquarters US Army Materiel Command, 1967, 21 p.
AD 661 052.

"This paper puts down the main framework of necessary concepts in tle
application of the learning curve with appropriate references to the
literature. Experience shows that, at some point in an rnalysis, the
estimator is required to enter opinions because cf lack of data,
incomplete knowledge of the process or other causes beyond his

) control, The emphasls in this paper is to dlstinguish letween
mathematics and judgment; between calculatien and intuition; putting
cautions on the anaiyst to provide the reviewer with visibility as

to where one ends and the other begins. Topics include a description
: of the forms of the learning curve with distinctiouns among possible

) variables, varlous necessary calculations and conversions, fandamental
concepts related to the location of a straight line in two-dimensional
space, factors which contribute to learning in industrial processes

' and adjustments for spectal circumstances. The document was prapared
: to provide guidence to cost analysts in the US Army Mateciel Coumand.®

I. Introduction.

II. The Learning Model: description; applicability; deta collection

and uncertainly.

11I. Calculations and Conversicvis: fundamental relationship; power

exprossed as a slope; lot midwpoints.

IV, Log-linear Learning Curve Analysis: gaometry of the straight

line; regression analyais,

V., Factors Contributing to Learning: {mproved methods; management
learning; debugging of engineering data; production processes and
aslopes.

VI. Engineering and Other Major Changes: effect of engineering

changes; adjustment. procedures. A

VIi., Gonersl Conaiderations: detailed investigation} responsibilities I

: of the analyst.

b VIII, Sumuary. !

4 Appendix. Learning Curve. Regression Analysis. j

References. §
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Learning Curve Tables \ )

Volume I. 55-69 Percent Slopes

% Volume II. 70-b5 Percent Slopes'

Volume III. B86-99 Percent Slopes
\ Boren, H.E. and H.G., Campbell

Santa Monica, The Rand Corporation, 1970, 3 Vol, 919 p.
Rand Memorandum RM-6191-PR. AD 708 713, 708 714, 709 178,
\
"This memorandum ébmprises three! volumes of learning-curve data, \
including unit curve midpoints for plotting first-lot quantities.
. Accurate representation of the first-lot quantity i; important,
! because misplacing this point could Jead to incorrect conclusions
about the cost-quantity relationship. In the past, unit curve mid-
: points wete estimated by various approximation methods because the
i calculations to obtailn tabtes of true midpoints were complex and
: laborious. Now, through use of high-speed computers, such
) calculations can be made quickly and inexpensively. Accordingly,
3 these volumes were prepared to assemble all the information a cost

] aralyst is likely to need in using or plotting learning-curve data.™"

{ 1

;\ Preface.
Summary. \
1. The Learning Curve: the log~linear hypothesis; plotting a curve;

T T

derivation of midpoint, equations.
11. Use of Learning Curve: Tables.
111, Learning Curve Tables.
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Life Cycle Cout Modeling . .
Hamilton, John L. i ,

Washington, Army Materiel Corvanand, 1968, 21 p.
Technical Report 68-8., AD 684 335,

Abstractt "This report discusses the mathematical aspects of life
cycle cost modeling witl, emphasis on treatment of parameters, time-
phasing of models, and sensitivity analysis, Learning curves,
percentaga factors, and simple additive cost categuries are discussed.
General and specific time-phased equations with constant and changing
learning curves are presented in detail. The use of partial differential
3 . equations for msensitivity analysis ls Jdeveloped.®

oy

I. 1Introduction. A

I1. The Basic Model. ‘

111 Time-Phase and Non-Time Phase Implications of tha Model.

IV. Sensitivity Analysis.

V. Summary. \
VI. References,
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Life Cycle Costing in Equipment Procurement
Task 4C«5

Washington, Loglstics Management Inatitutae, 1965, 117 p.
AD 619 871,

This paper tidentifies anc satudies major categories of cost that are
incurred during the useful )lfe of equipmenty establishes the relative
importance of these categories with respect to life cycle costs, by
equipment types; develops methods for measuring and forecasting these
custs when procurement of a specific equipment type i{s being planned,
and guidelines for evaluating these costs in the process of reaching

a procurement decision,t

1., Introduction: relationship of life cycle costing to other studies)
relationshlp of life cycle costing to the competitive procurement
decisionj major area of study.

11. Summary of Conclusions and Recommendations.

I11. Findings and Analysis: scope of the logistics cost problem;

logistics cost categoriles; relative importance of logistics

cost categories; quantification of logistics costs (corrective
and preventive maintenance} inventory management; training;
inspection, installation, and checkeout; transportation;
documentationj operation); application of loglstics cost analyses
(feanibility of competition and logistics cost analysis,
utilisation of loglstics cost analywsis); problems of applications
of logisticas cost analysis (impediments to logistics cost analysie,
application of logistics coat analyses to formal advertising;
application of logistics cost analysis at the subcontract level);
alternatives to logistica cost analysis (detailed specifications,
plans, and drawings; failure free warranty.)

iV. Conclusions and Recommendations.

Erhibit 1. Analysis of Procurement Funds Obligated in FY 1964,

Exhibit 2. Analysis of Procurement Subjected to Price Competition.

Exhibit 3, Support Cost Categories.
Exhibit 4, Equipment Examined,
Appendix. Corrective and Preventive Maintenance Cost.
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Life Cycle Management Model for Army Systems
Headquarters, Department of the Army

Washington, Department of the Army, 19648, 54 p.
Pam 11.25,

This pamphlet supplements AR 11-25 (which prescribes the process by
which Army systems are developed, fielded, and modified) and provides
broad guldance for supporting activities.

I. General: purpose; objectives; description of the life cycle
management model} applicability; revision to modelj supporting
materials and publications; materisl requirements review
committea; machine processing of information under the life
¢ycle managemant model.

1I. Concept Formulation Phase: general; the Army and joint family
of plans; major Army studies; gvolution of 0CO, QMLO, ADO, QMR,
and SDR: the combat development objoctive guide; prerequisites
for contract definition; cost effectiveness analysis; basis of
issue, personnel and logistice planning; DA system staff officers;
prelimivary project manager charteri concept phase system status
evaluation; approval to enter contract definition.

111I. Contract Definition Phase: pgeneral; source selectiony approval
of contract definition contractors; analysis of trade cffs and
appraisal of development proposals} contract definition systems
status evaluation.

IV, Development and Production Fhaset general; development and test
plans and coordination; training planning; fund programming; test
plans and testing; prototype system characteriatice SSE; develop-
ment of doctrine and organfrations; development acceptance SSEj
program element and publications; production validation SSE;
production,

V. Operations and Disposal Phase: objectives; user field tests and
evaluations; review and revision of doctrine and organiEations;
overhaul, product improvement, and retrofit; revisions to the AMP
and the EDP; reclassification; disposal.

Appendix A. Life Cycle Management Model foxr Army Systems Flow Chart

Guide.
Appendix B. Narrative Explanations.
Appendix C. Abbreviations.
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Linear Programming and Assoclated Techniques
Riley, Vera and Saul 1. Gass

Baltimore, The John Hopkina Press, 1958, 613 p.
Bibliographic References Series No. 5.

A comprehensive bibliography on linear, nonlinear and dynamic
programming, containlng references to over 1000 items, an intermixture
of articles, books, monographs, documents, theses, conference proceed-
ings, etc. Closing date for Incluasion was June 1957. Alphabetically
by author, with s brief description of the work.

I, Introduction: mathematical summaryy introduction to the literaturej

baeic references.

11. General Theoryt mathematical theory; computational techniques;
methods for solving linear systems; linear inequalities and convex
sets} gama theory.

111, Applications: general survey; industirial applications; trans-
protation problems; assignment problems; contract awards)
military applicetions) agricultural applications) economic
analyses; prodiction scheduling and inventory control;
structural deeipn; equipment replacement; other applications.

IV. Nonlinear and Dynamic Programming.

Appendix. Author Ivdex.
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Linear Programming and Extensions
Danteig, George B.

Santa Monica, The Rand Corporation, 1963, 621 p.
’ Rand No. R=366-PR,

"This book 18 concerned with the theovy and solution of linear
inequality systems,"

I. The Linear Programming Concept.

11, Origins and Influences.

111. Formulating a Linear Programming Model.

IV, Linear Equation and Inequality Systems.

V. The Simplex Method.

V1., Proof of the Simplex Algorithm and the Duality Theorem.
VIii, The Geometry of Linear Programs,

VIIL, Plvoting, Vector Spaces, Matrices, and Inverses.
IX. The Simplex Meth.d Using Multipliers.

X, Finiteness of the Simplexr Method Under Perturbation.
E X1. Variants of the Simplex Algorithm.

I IR T

R L

XI1, The Price Cuncept 1n Linear Programming.

X111, Games and Linear Programs.

X1V, The Classical Transpurtation Problem,

XV, Optimal Assignment and Other Distribution Problems,

XVI. The Transshipment Problem.

XVI1., Networks and the Transshipment Problem,

AVIII. Variables with Upper Bounds.

XiX, Maximal Flows in Networks.

Xl The Primal-~pDual Method for Transportation Problems.

XXx1, The Weighted Distribution Problem,

XX1l1. Programs with Variable Coefficlents.

XX1'i. A Decomposition Principle for Linear Programs.

XX1v  Convex Programming.

XXV, Uncertainty.

XXVI., Discrete Variable Extremum Problers.

XXVII., Stigler's Nutrition Model: An Example of Formulation and
Solution,

XXVIII, The Allocation of Alrcraft to Routes Under Uncertain Demand,

Bibliography.

Index.
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Linear Programming Under Uncertainty
Danteig, George B,

Santa Monicu, The Rand Corporation, 1954, 18 p,
Ra“d NO. 9‘596 3

Summaryt "A class of linear programming models is considered where
the activities are divided into two or more stages. The quantities

of activities in the first stage are the only ones that can be
determined in advance because those in the second and later stages
depend on the outcome of random events. Theorems on convexity of

the objective (cost) functions are established for the general m-stage
case. A complete computational procedure is given for a special clasa
of twoustage problems in which allocations in the first atage are
mude to meet an uncertain but known distribution of demands occurring
in the second stage."
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Management and Mathematics: the Practical Techniques Available

Fletcher, Allan and Geoffrey Clarke

New York, Gordon and Breach, 1964, 235 p.

This book is designed to give the exucutive a wider comprehension of
the basic mathematics underlying the techniques of operations research,

computer applications, etc.

Introduction,

1. Linear Programming - tne Transportation Technique.
I11. Linear Programming - the Eiwmplex Algorithm,

111, Networks Methods.

1V, Program Evaluation and Review Technique,

V. Inventory Control,

VI. Forecasting Techniques,

VII. Queuing Theory.

VIII, Simulation.

1X. Replacement Theory,

X, Dynamic Programming.

XI. The Theory of Games,

X1I, Response Surface Analysis.

Appendix. Electronic Computers and the Development of
Centers.

Index.
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Management Sciences: Models and Techniques
Proceaedings of the Sixth International Meeting of the "nstitute of
Manszgement Sciences,

New York, Pergamon Press, 1959, 2 volumes, 1113 p,
Volume 1l: Sesslons 1=74 Volume 2t Sessions B-14,

Opening of the Conference.

Session 1. Management Economicst limits to the laws of integration
and specialization of labory choosing the best moment for overhaul;
on the theory and compubation of delegation models, k-elficlency,
functional efficiency and goals; the aptimum dividend rate;
operations research « experience in an underdeveloped economyj
the rule of economics in management sclence.

Session 2. Simulation: survey in simulation) integration of modelling
and simulation in organieational studias} on the feedback approach
to industrial systems design; simulation in dynamic modelas; a study
in planning -~ schaeduling uging simulation and linear programming
methods,

Session 3, Management Games: remarks on some experiments {n manage-
mant games; contributions and experiences in manugement games; o
decision game of managerial strategy as a research tool; the
appreclation of operational research through a management exercise;
business gaming in management sclonce educationj the future of
management gaming.,

Session 4. Decision Processes: pricing, Investment and games of
strategy; mathematical programming in nmarketing; linear programming
under uncertainty; the effect of forecasting errori on optinal
programming; the interplay between declsion makers; remarks on
linear programming with integer solutions.

Session 5, Computer Systems: automatic treatwent of information and
managenent; comparison of computer approach in Europe and Americaj
us4 of a computer 'gamma tambour! for the planning of a shop; a
computation for the bounded variables problem using FACOM 128 B} on
the analysis of structural proporties of largescale micro-economic
input-output modela.

Sesuion 6. Fundamentals in Management Fducation,

Sesaion 7. Productinn and Inventory Management: a model of {inancial
control of inventory in a complex organilzacion; determining cost
factors for an Inventory model; marginal analysis of lost sales;
plant production management; control of finished goods inventoryj
economic mspecty of Inventory control.

Session 8. Measurements in Management,

Segsion 4. Behavioral Sclences.

Session 10. Organigational Theory and Management Communications,

Session 11, Research and Development Management.

Sessiun 12, Long-Range Planning: a quasl-analytic method for long-
range planning; the state of the art in using long~range plans; on
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the long«range atudy of the investmente in the French Power Industry,
forecasting at the level of a fitm or & group of fivms,

Bession 13, Cene Histories,

Session 14, Methodologyt: management economics and opevations ressarchy
applied management sciences ressarch in a decentralisad induetriel
firm} wenagement decision making with vessarch information) wmarketing
strategy| operstions research approaches to sales incentives aud
distribution cost analysisj an operational approach to tha design of
workj problems of inventory under limited capacity; & wethod for
management .

Sumnation.

Appendix, The Institute of Management Hciences.

Indexes) author, subject (French), subject (English).
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Managaxial Eonnomian
Sponcer, Milton H,

Homewood, Richard D, I=zwin, tlilrd edition, 1968, 513 p.

1. Introduction: Rimk end Uncertainty: clessification of decicion
making) the concept of certainty; the concept of risky the concept
of uncertainty} a modern unalytical concept of management)
conclusion.

11, Approaches to Minagemenc Dectulon Making and Theories of the
Fiym: microeconcmice) linear programming; astatistical decision
wakings bahavioral scienas; theory of games; counclusions.

111, Foracawting: mechanical extrvapolations; barometrie tenhnigues)

opinion polling; econometric modelon.

IV Profit: profit theories) unresolved considuratinng in profit
theory) profit measurwnent; profit planning and sontrol.

V. Dematid: analvtical framework: pricej constructing elenentery
demand models) prices of substituter and complements; incoma
clusticity interrelatious,

VI, Produstion: ctheoretical produation funstionsy analytical frames
worki techniques of optimum input analyuis; thensey of reburas to
scade of plant,

VIii, Cout: nature a:d typeas; incremental; cost-cutput functions;

¢ost measurenent; statistical cost tunctions.

VI1Ii. Advertising.

IX. Pricing.

X+ Antitrust,

X1, Capitsl Budgeting.

X11, Capitsl Measurement and Finascial Poliay.

Y111, Bimulationty symbolic models; eome slmulation procassss.

XIV. Linesr Programming and Economic Analysis: elementaxy geometry
of linear programming) elamencery algebra of linear programping)
the dual problem; the generalized linear programming problem and
methocde.

Appandix. Discount Tables and Charts; Common Logavithms,

Index.
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Mathematical Analysis for Business Decisfons
Howell, Jumus Edwin and Daniel Teichroew

Homawood, Richard D, Irvwin, 1963, 320 p.

This book 18 written for the student or the buriness prectitioner who
noade to learn enough about the literature and understand recent
daveloprents in the several fields of business os well as to unders
stand and be able to world with the ever<growing number of gpeclallsts
who are becuming increasingly ifmportaat in buginess, industry, and
the government.

1, Elamentary Mathematical Relations: functions; graphs of fuactions

ard eyuations.

11, Hates of Changet slopw of a linu and rate of change; Limite and

cuntinuity; instantanecus rate of change,

111, Differeitiation of Functions: elementary differentiation
theorenis: compesite functiong; higher«order darivatives; tmplicit
futictionsy inverse functions,

IV, Optimiging Functions of One Variahle: Maxima and wmimina; solving

equations.

V. Applications of the Derivative: cases; breask-even analysis,

optimigation, and the marginal analysis,

VI, Algebraic and Transcendental Funcclons: exponents and

exponentialey logarithmic functicney algebrsic functiong.

VII. Multivarlete Functions: functione of saveral variables; partial
differentiation: theory of extrema for multivariate functions)
logranglan multipliers.

VIII. Summation and Integration: the definite integral as a uwumi the

fundamental theorem of the calculus; integration) avea,

tX. Probabilistic Models: random variableg and distrihubion functions;

discrete distribution functlons) an application of probubility
theory.

¥, The Mathematics uf Finance ani Acucunting: types of intevegty

uniform periodic payments; prerent valuej casan.

X1, Applicationa to Business Doclsionst casau.

XII, Livear Systems and Matrices: matrices) matrix solutions of
linear pystams} subscript notation; existence of un inverse;
linear regression analysiu.

X11I, Linear Programming: the linear puvogramming wodely o three-
product problem; additlornl iuformation from LP solutions;
applications of lineur programming.

XLV, Management Sclenca Models: the management sclance approacug
limitations and extensiona of the managemsnt science appraachi

the present. status of munageument sclence.

Appendix 1. Diffeventiation Formulas.

Appendix 2. Iutegration Formulas.

Appendix 3. Notes on Probability.

Appendix 4. Properties of Exponents anJ Logarithma,

Appendix 3, Tables,

ludex,
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Mathematical Optimization Techaiques
Bellman, Richard

Santa Monica, The Rand Corpovation, 1963, 346 p.
Rand No, R-396-PR,

“The papers collected in this volume were presented at the Symposium
on Mathematical Optimization Techniques held in Santa Monica, California,
18+20 October, 1960, The techniques discussed included recent develop-
ments 1in lincar, integer, convex, and dynamic programming as well gs
the variational protcesses suréounding optiwmal guidance, flight
trajectorles, statistical decislons, structural configurations and
adaptive contvol systems.t Part 1t aireraft, rockets, and guidance
(chapters 1-4)y Part 2: comwnication, prediction, and dacision
(chapters 5-9); Part 3: progranming, comhinatorics, and design
(chapters 10-14); Part 4: modoals, automation, and control (chapters
1.5"‘17;‘.

Introduction (Richard Bellman).
1. A Survey of the Problem of Optimising Flight Paths of Afrcraft and
Missiles (Angelo Miele).
{1, Estimating Performance Capabilities of Boost Rockets (P,
Dergarabedian and R.P., Tan Dyke).
111. The Optimum Spacing of Corrective Thrusts in Interplanatary
Navigation (J.V, Breakwell).
1V, The Analyaia and Solution of Optimum Trajectory Problems (Stuark
E. Dreyfus).
V. A New Approach to the Synthesis of Optimal Smnothiny and Prediction
Systems (BEmanuel Parzen).
VI. Adaptive Matched Filters (Thomas Kailath).
VII. Optimization Problems in Statistical Communication Theory (David
Middleton).
V1II. Estimators with Minimum Bias (William Jackson Hall).
IX. On the Optimel Replacement Rules When Changes of State Are
Markovian (C. Derman).
X. Simplex Method and Theory (A.W. Tucker).
X1. The Present Status of Nonlinear Programming (P. Wolfe).
XI11., The Number of Siwplices in a Complex (Joseph B, Kruskal).
XI1T1l. Optimization in Structural Design (William Prager).
XIV. Geometric and Game-Theoretical Methods in Experimental Design
(G. Elfving).
XV. Automation and Control in the Soviet Unfon (J,P, LaSalle).
XV1l., The Theory of Optimal Countral and the Calculus of Variations
(R.E, Kalman).
XVII. Mathematicdl Model Making as an Adaptive Process (Richard
Ballman).
Index.
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; Mathematical Statistics
. : Wilks, Samuel Stanley

Princeton, Princeton University Press, 1943, 28B4 p.

3 1. lntroduction. '

1 I1. Distribution Functions: cumulative distribution functions;

: marginal distributilons; statistical independence; conditional

: probability; the Stieltjes integpral; transformation of variables;
mean value; moment generating functions; regressions,

I11. Some Special Distributions: discrete distributions; the normal

distribution; Pearson system of distribution functions; the
Gram-Charlier seriles.

1v. Sampling Theory: application of theorems on mean values to
sampling theory; sampling from a finite population; representative
sampling; sampling theory of order statisticsy mean values of
sample moments when sample values are grouped, Sheppard corrections,

4 appendix on Lagrange's multipliers.

: v, Snmpléng from a Normal Population: distribution of sample meanj

the x“=disuribution: the student t«distribution; Snedecor's
F-distribution; distribution of second ovrder sample moments in
samples from a bivariate normal distribution} independence of
second order moments and means in samples from a normal twultiw
variate distribution.

VI. On the Theory of Statistical Estimation: confidence intervals h
and confldence reglons; point estimation, maximum likelihwood ;
statistics; tolerance interval zstimationj the fitting ot !
distribution functions. ]

VII. Tosts of Statistical Hypotheses: statistical tests related to

confidence intervals; likelihood ratio tests; the Neyman-
Pearson theory of testing hypotheses, |
VIII. Normal Regression Theory: case of one fixed variate; casec of k
fixed variates; a general normal vegression significance test;
the minimum of a sum of squares of deviations with respect to
regression coefficlents which are subject to linear restrictions.

IX. Applications of Normal Regression Theory to Analysis ¢i Variance
Problems: testing for the equality of means of normal populations
with the same variance; randomized blocks or two-way layouts;
three«way and higher order layouts, interaction; latin squaresj
greco-latin squares; analysis of variance of incomplete layouts;
analysis of cavariance.

X. On Combinatorial Statistical Theory: the thenry of runs; applica«
tion of run theory to ordering within samples; matching theoryj
independence in contingency tables; sampling inspection.

XI., An Introduction to Multivariate Statistical Analysis: The Wishart

distribution; reproductive property of same; independence ot means
and second order moments in samples from a normal multivarlate
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population; Hotelling's generalised student test; the hypothesis
of equality of means in multivariate normal populations; the .
hypothesis of independence of sets of variables in a normal |
multivariate population; linear regression theory in normal
multivariate populations; remarks on multivariate analysis of
variance theory; principle components of total wariancej
canonical correlation theory; the sampling theory of the roots of
certain determlnantal equations.
Literature for Supplementary Reading,
Tudex.
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Mathematiés and Statistics for Economiats :
Tintner, Gerhard

iNew York, Rinehart and Company, 19534, 363 p.

i

|
This book includes some applications of elemeutary mathematics to

economics, as well as topics in calculus, probability, and elementary
statistics,

Preface.

Sources of Numerical Examples. |

I. Some Applications of Elementary Mathematics to Economics: functions
, and graphs; linepr equations in one unknown; systems of linear

equations; quadratic equations in one unknown; logarithms;
progressions; determinants; linear difference equations with
constant coefficients,. !

11, Caleulus: functions, limMits, and derivatives; rules of
differentiation; derivatives of logarithmic and exponential
functions; economic applications of the derivatives; additional
applications of derivatives; higher derivatives; marima and minima
In one variable, inflection points} derivatives of functlion of
several variables; homogeneity; higher partial derivatives and
applications; elements of integrution,

111. Probability and Statlistics: probability; random vartlables;
moments; binomial and normal distvibutions; elements of sampling;

tests of hypotheses; fitting of distributions; regression ani
correlationy index numbers,

Postseript, Suggestions for Further Reading.

Answers to OddeNumberced Problems.

Tables: four-plage common logarithms of numbers; natural trigonomet ‘ic
functiohs for decimal fractions of a degree; four-place natural
logarithms; areas of the normal probability curve; students!
t-distribution; x* probability scale.

Indexes: names; mathematical and statistical terms; economic terms.
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Mathematics of the Declsion Sciences
Lecture notes

Stanford, Stanford University, 1967, 906 p.
AD 658 894,

Lecture notes prepared in connection with the summer seminar on
mathematics of decision sciences, held at Stanford University July 10
to August 11, 1967,

Survey of Mathematical Programming (R.M. Thrall).
Necessary Conditions of Optimacity in Control and Programming (E. Polak),.
Mathematical Programnming (George B. Dantzig).

Survey of Mathematical Programming (Michel L. Balinski).
Nonlinear Programming (Terry Rockafellar).

Mathematical Economics (Kenneth Arrow).

Mathematical Economics (David Gale).

Computational Aspects of Control Theory (J.B. Rosen),
Mathematical Programming (A.W., Tucker).

Mathematical Programming (Richard Cottle).

Networks and Graphs (D.R. Fulkerson).

Combinatorial Methods (Jack Edmonds).

Integer Programming (Ralph E. Gomory).

Mathematical Programming (Carlton Lemke).

Optimal Inventory Control (Arthur F, Veinott, Jr.).
Diffusion Approximations in Applied Probability (Donald L. Inglehart),
Optimal Stochastic Control (Herman Chernoff).
Reliability Theory (Richard E. Barlow),

Markovian Decision Processes (Cyrus Derman).

Learning Theory (M. Frank Norman),

Measurement and Psychophysics (David Krantg).

Computer Science (Abraham Taub).

Perception Problems (Andrze J. Ehrenfeucht).
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A Method for Deriving Confidence Estimates in Cost Analyasis
Yates, E.H.; H.M, Stanfield; D.K. Nance

Santa Barbara, Defense Ressarch Corporation, 1966, 19 p.
Technical Memorandum 231. AD 811 034,

Abgtract: "Predictive cost estimates often contain large uncertainties.
Bias errors arise from unforeseen requirements, and are difficult to
predict. However, a substantial part of the uncertainty is dva to
incomplete definition of the system elements, and can be treated as a
randum error, which can be quantified, Large-system cost escimates

are made up of many cost elements, If thelr probability distributions
are known, the dirtiibution of the system cost can be obtained.

Element cost digtributions can be found by applying cost estimating
relationships to data on similar elements of known costs, and treating
the results as a frequency distribution, 1In the absence of sufficient
data, distributions can be crudely estimated by common-sense procedures.
Because the alement diptributions are generally difficult to define,

the aystem cost distribution has only limited validity. However,
predictions of the form tSystem cost will lie between A snd B with
probability p' can be made with considerable confidence if they are
restricted to fairly Lrouad intervals, and will bound the estimate much
more closely than merely estimating the maximum and minimum possible
coste.m

I. Introduction.

I11. Foundations: kinds of uncertainty; statistical background.

I1I. Estimating Distributions of Cost Elements: basic approachi
other techniques.

IV, Estimating the Diastribution of Total Cost.

V. Validity of the Overall Method,

Appendix., Distribution of Total Cost When There Are Few Elements.
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Methodology Notebook for Action Officers
Operations Research/Systems Analysis Executive Course

Fort Belvoir, US Army Management School, 143 p.
GT-501=-N.

Abstract: “This document presents descriptions, illustrations, and
applications of various tools and techniques used in military operations
research. Topics covered include the role of operations research in
the United States Army Combat Developments Command; the nature of
models and their development; simulation; research wargaming; fileld
experimentation in USACDC} troop testing and field evaluation; cost/
effectiveness analysis; computer utilization, capabilities, and
limitations; human behavioral systems, models, and data collection
techniques; human factors analysis; systems analysis, its planning,
scheduling, and synthesis of results; and computer applications. A
glossary and bibliography are included.n

Part One: Command

I, Introduction.

II. The Research Problem,
111. Models.

IV, Simulation,

V. Research War Games.

V1, Fileld Experimentation,
VII. Troop Testing.

VI1I. Cost/Effectiveness Analysis.
IX, Human Factors Analysis.
X. Systems Analysis.,

Y1, Computer Applications.
Glossary,

Bibliography.
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Methods and Procedures for Economic Analysis of Proposned Government

Investments

Palmour, Vernon E.,; Stephen K, Dietz; Paul H., Earl; Robert R.V,
Wiederkehr

Westat Research, Inc., 1969, 89 p.
WR P0O-21., AD 855 605.

"The primary purpose of this investigation is, first, to consider the
present value (discounted present value) method of aguregating costs
and/or benefits over time and, second, the use of this approach in
aconomic analysis of proposed investments in weapon systems, The
concept of present value, or discounting as it is sometimes called,
will be discussed especially as applied in the comparison of weapon
systems, Also analyzed in this report will be the associated problewms
of choosing a discount rate, the length of planning period and the
estimation of residual values, and the treatment of risk and inflation.
This investigation is concerned only with the problem of selection
between alternative systemy in order to accomplish a specified objective.
The problem of choosing a set of projects to exhaust a given budget

18 not treated.n

I. Introduction: general problem of economic choice; scope of present

study; major conclusions and recommendations.

I1, The Presont-Value Criterion in the Analysis of Proposed Government
Investments: the present-value criterion; discount rate (schools
of thought, summon errors and misconceptions); planning period
and residual value; use for selecting alternatives (performance
level, alternative system, effect of benefit and cost constraints,
the more general case); risk and uncertainty (definitions, other
interpretations, when benefits not in dollars, government
recklessness, treatment of risk); treatment of inflation in
discounting analysis (inclusion and exclusion approaches, con=
clusions and recommendations),

1l1. ‘Yconomic Analysis of Propesed Investments in Weapon Systems:
cost-eflectiveness analysis; criteria for selecting between
alternative weapon systems; discount rate, inflation, and risk;
planning period and residual value; cffect of expenditure
profile, planning period and interest rate on pregent value of
systems costs.

Appendix. Derivation of an Zxpression for the Digcount Reduction

Facter, F.

Refererces,
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Methods for Evaluating the Cost/Effectiveness of Alternative Support
Plans for Major Weapon Systams
LMI

Washington, Logistics Management Institute, 19635, 64 p.
LMI Project 6P, AD 476 471,

Summary: "The purpose of the study was to develop and demonstrate
certain quuntitative techniques or methods as the first steps toward
equipping the DOD with Llmproved methods for measuring and evaluating
the reiative cost/effectiveness of alternative logistics/support
prograns for such weapon systems. This report contains a description
of the measurement mathods which we have developed and some examples
of how they could be used in logistica/support planning. Some of the
methods could be used now in the planning and management Jf individual
weapon systems,' The report also deals with the geps left for study
and their ralationship to cost/effectiveness measurement,

Preface,

Summary of Report.

I. Introduction: background; study assignments (study methods,

davelopments affecting the conduct of the atudy).

II. Findings and Discussion: logistics/support planning and manage-
ment (scope of logistice/support for a weapon system, the Fed
system and the evolution of logistics/support concepts); require-
ments for improved concepts of cost/effectiveness logistics/
support (general, simulations and models).

III, Model for Measuring Integrated Logistics/Support System Cost/
Effectiveness: objectives and criteria; uses of common measures
and rules; measurement techniques (definitions, symbology,
concepts, measures of total system logistics/cost/effectiveness,
cost of a weapon per unit of time),

IV. Conclusions and Recommendations,
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- Mathods of Operations Research
Morse, Philip M, and George E. Kimball

New York, John Wiley and Sons, 19351, 158 p.

] I, lntroduction: definition of operations research; examples;

. methods} personnel and organization.

1I. Probability: fundamental concepts (probability, distribution
functions, compound probability, expected values); simple
distribution laws (binomial, normal, Poisson); sampling (chi-
squared test, examples).

11I. The Use of Measures of Effectiveness: sweep rates) exchange

rates} comparative effect:iveness; evaluation of equipment

: performance.

3 1V, Strategical Kinematics: forve requirements; Lanchesterts

: equationsy probability analysis of Lanchester's equations;

generalised Lanchester's equations; reaction rate problems,

1 V. Tuactical Analysis: statistical solutions; analytical solutions

: involving search theory) measure and counter measurej theoretical

\ analysis of counter measure action.

4 VI. Gunnery and Bombardment Problems,

J Vii. Operational Experimentw with Equipmert and Tactics.

3 VI1I. Organisational and Procedural Problams,

Tables.

Bibliography.

Index,
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Military Analysis
Q\lﬂdﬂ. E.8.

Santa Monica (California), The Rand Corporation, 1965, 36 p.
Rand Memorandum RM-4B0B-PR. AD 624 483,

This memorandum points out the need for the application of analytie
techniques to military problems and for an understanding of these
techniques by military officers, It definas systems analysis,
deascribes its essential features, illustraten the process of analysis
with examples, points out its virtues and limitations, and concludes
with some remarks about its future.

Introduction.

Definitlons.

The Essence of the Method: the objective, the alternatives, the costs,
a model, a ctiterion.

A Narrow Example: Selection of a new aircraft engine.

A Broader Example: Defenne of a Missle Force.

The Process of Analysais.

The Virtues,

The Limitations.

The Future.

Concluding Remarks.




Milicary Cost Aunlywsis
Grosse, Robert N. and Arnold Proschan

McLean, Resuarch Analysiw Corporation, 1965, 8 p.
RAC Paper RAC.P-6. AD 622 113,

This paper was prepared for presentation at the NATO Conference on
Applications of Operations Research to Military Resource Allocation
and Planning, Sandefjord, Norway, August 1965,
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Military Systems Analysis
Quuds, B.3,

Santa Monicu, The Rand Corporation, 1963, 29 p.
Rand Memorandum RM«3452-PR, AD 292 026.

This memorandum was sponsored by the US Alr Force under Project Rand
and prepared for publication as a chapter in a btook, dilitary
biinhed by

Operations Research, Bernard 0. Kovpman, Editor, to B:“;G

tEa Operations Research Society of America in its series, Publicatfons
in Operat.fons Reyearch., !"Syatems analysis 1s an apprnach to complex
problemsa of choice under uncertainty by systematically examining the
costs, effectiveness, arnd risks of the various alternatives, This

Memorandum attempts to nurvey the problems and procedures of such an
analysis when applied t¢ a military context.!

Introducl ion.

Formulation of the Problem: cuntext; objectives, critevia; hypntheses.
Search: factsy probabiliities; alternatives; costs.

Explanation: wmodel bullding; approximation; computations; results.

Interpretationt nonquantifiables; indommensurables; uncertainties;
conclumions.

Concluding Commentn.
Reference.
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Military Systems Cost Analysis (A Summary Lacture for the AFSC Cost
Analysis Course)
Fi.h.l‘. Go M.

Santa Morica, The Rand Corporation, 1962, 22 p.
Rand Mewmorandum RM-2973.PR,

Summary: VIn the context of thic memorandum, cost analysis raefers to
the determination of the probable sconomic resource impact of future
Air Force weapon and support systems. Five major aspects of cost
analysis are stressed: understanding the problem or context in which
coat estimaies are to be used, assembling the basic data, deriving
cost-astimating relationships, using these relationshipe to make an
estimate, and presanting the results, Both hardware and nonhardware
syatem cost components are discussed, and the sensitivity of total
system cost to variations in the cost and characteristics of thase
components is considerad.n

Prefacae.

Summary.

General Remarks.

The Cost Analysie Procusa.

Further Comments on Cost«Eetimating Relationships.
Hardwara Cost Analysis.

Reroarch and Developwant,

Non«Hardware System Cost Components.

Mulling Together tha Total System Cost Estimate,
Weapon System Cost Sensitivity Analysis.
Concluding Remarks,
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Models in Cost~Effectiveness Analysiss An Example
Bryk, Oliver

Mclean, Research Analysis Corporation, 1965, 29 p.
RAC Paper RAC-P-2, AD 622 109,

This paper describes some approaches to modeling for syatems
analysis oy cost-effectivenass studies.

Introduction: elements of cost-effectiveness analysis; role of models;
objective} conceptual design of the models; description of models
(effectiveness, systems, cost, cost-effectiveness models).

References.
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A Modern Design for Defense Decision: A McNamara-Hitch-Enthoven
Anthology
McNamara, Robert 5.3 Charles J. Hitch; Alain C, Enthoven

Washington, D.C., Industrial College of the Armed Forces, 1966, 259 p.

A complilatinn of the thinking of the three principal architects of the
contemporary approach to decision making. Part 1: the budget as a
management tool for irtegrating national and defense pelicy (chapters
1-5)3 Part 2: the organizational framework and agency responsibilities
(chapters 6-8); Part 3: the programming system (chapters 9.12); Part 4:
systems analysis (chapters 13-17); Part 5: US defense policy for the
1960's (chapter 18).

Foreword (LTG August Shomburg).

Introduction (A, Enthoven).

1. Managing the Department of Defense (R, McNamara).

1I. Decision-Making in the Department of Defense (R. McNamara).

111, The Formulation of Political Objectives and their Impact on the
Budget (R, McNamara).

Iv. The Foundation for Defense Planning and Budgeting (R. McNamara).

V. The Department of Defense Budget and the National Economy (C. Hitch).

VI. Evolution of the Department of Defense (C. Hitch).
VII. Agency Responsibility for Planning and Budgeting (R, McNamara).
VITII. The Joint Chiefs of Staff and the Defense Budget (R. McNamara
& General Maxwell Taylor).
IX. Development and Salient Features of the Programming System
(C. Hitch).
X. Programming and Budgeting in the Department of Defense (A.
Enthoven).
XI, Program Packages (C, Hitch).
X1I. Retrospect and Prospect. (C, Hitch).
XIII, Cost Effectiveness (C., Hitch).
XIV. Choosing Strategies and Selecting Weapon Systems (A. Enthoven).
XV. Operating Research at the National Policy Level (A. Enthoven).
XVI, Systems Analysis and the Navy (A. Enthoven).
XVII. Cost-Effectiveness Analysis of Army Divisions (A. Enthoven).
XVI1l. US Defense Policy for the 1960's (A. Enthoven).
Appendix 1, Introduction of New Goverument-Wide Planning and
Budgeting System (President Lyndon Johnson).
Appendix 2. An Illustrative Example of Systewns Analysis (MAJ William
Snyder).
Suggestions for Further Reading.
Index.




Modern Research for Administrative Decilionﬂ
Hough, Louis -

!

ELnglewood Cliffs, Prentice-Hall, f970, 609 p. . !

This book attempts to meet the need for broa& familiarity with
methods, suggestive theory, and practical guidance in modern decision
theory.

I. Sclentific Techiiques in Adminiﬁtration: controlled quantitative
3 investigation; the sclentific pursuit of knowledge; the need for
: administrative research.
I1. . Procedural Concepts in Sclentific Rescarch: rationalism versus
the analysis of data; system of explanation; scientific mgthods
\ and truth; the development of the research problem; discovering
working hypothescs; statistical design in experiments.

III. The Structure of Administrative Research: adaptation and

control; a new administrative technology; the operations research

\ movement; the managerial applications; difficulties in the .
research; pure research in administration; the phases in an
investigation.

IV, The Elements of Decieion Theory: microeconomic decisions and the
research requirements; an illustration; and algebraic model of the
decision cyviteria; appraising the theory.

V. Objectives and Criteria for Decisions: suboptimization; the
objectives, of business decisions; mdximizing Qtility; contentment
levels. ' :

VI, Rescarch Problems and Adninistrative Diagnosis: methods as a

guide to research; the dominance of the problem; utilizing
\ existing data; the identification of problems; stating the
problem, '

VI1. Predictive Models and Simulations: decisions and predictions; b

assumptions and validity; the model-building sequence; the
¢lassical model of gravitation; the rent or buy model.

VIII. The Various Forms of Administrative Models. \

IX. Seiecting the Variables. : : \

X. The Model Building Process. !

XI., Standard Theoretical Models.

X1I. Estimating Parameters and Applying the Model: the parameters %
i and the data; verification; revision; manipulation; making the : i
choice.

XI1I. Management by Multistage Models. :
X1V, GComputerization in Administrative Research.’ ' H
XV, Research for inventory Decisions. : i
XV1, An Introduction to Queue Thea-y. 5
X"1I. The PERT Network for Scheduling.
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XV1i1l., The Elements of Linear Programing. !

XIX. The Assignment Problem, '

XX. The Transportation Method,

XXI. The Simplex Method,

: XA1f, Linear Programming Research.

! XXI1I. Monte¢ Carlo Research Techniques.

' XXIV. The Analytic Btudy of Total Systems.
XXV, Information for System Administration.
Appendix A. Developing the Fundamental Data.
Appendix B, Mathematical Rates of Change.
Appendix C. Bayesian Probability Theory.
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E A Monte Carlo Simulation Approach to Cost Uncertainty Analysis
? Schaefer, Donald F.j; Frank J. Husic; Michael F. Gutoweki

% McLean, Research Analysis Corporation, 1968, 82 p.
Economics and Costing Department Studv 009.135. AD 850 034.

Abstract: '"An important aspect of cost research is the measurement
of the uncertainty inherent in the projectior of system cost.
Approaches to thls problem have in the past centered on intuition
of the decision maker or in sensitivity analysis, Only recently
have approaches utilizing such tools as statistical decision theory
and probability theotry been formulated. This study focuses on the
Monte Carlo simulation approach to uncertainty in coat analysis,
This approach requires: (a) expression of input estimates as

f probability distributions reflecting uncevtainty, and (b) cost

: saquations pertinent to a particular model, The Monte Carlo
slmulation approach then gererates: (a) the frequency distribution
for system cost, and (b) statistical measures that illustrate the
nature and magnitude of system cost uncertainty. Two modals are
developed, the Bata model and the Weibull model, each of which
reflects a particular distribution form for the inputs. The

|
'i

; ralative costs and advantages of each model are comparsd. A user's
3 gulde to the program and complete program listings are presented In the
i appendix,

Foreward.

Abatract,

Introduction,

Cost Undertainty Analysis: An Overview: cost uncertainty in
decision making (value of probability information); methodology
(overview of loglc, beta variunt, Welbull variant); model input
requirement's (beta model, Weibull model); output format; computer
time requirementsy; conclusions. :

Appandix, User's Guide to Beta and Weibull Programs: Weibull input
requirements; beta input requirements; error messages; computer
hardware and software requirements; program loglicy Weibull program

listing; beta program listing; computer program fluw charts.
References.
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Multivariate Logarithmic and Exponential Regression Models
Graver, C.A. and H.E. Boren, Jr,

Santa Monica, The Rand Corporation, 1967, 138 p.
Rand Memorandum RM-4879-PR. AD 655 768.

T VT e T AT RS

Summary: 4This memorandum presents a atﬂfwaticnl study of a
regrassion function of the form.Y = eMOX’ . X¥P,  The study
18 converned primarily with (1) how to pick the best vnlues for the
unknown parametevs (yo,pl,yn . .yp) glven a get of hlstorical data
(Y{, X1{s X201 ¢ =1, 2, + + « 1), and (2} how to describe
the predictive capabi?lty of the choice in (l).t

Preface,

Sumunary.,

) 1., Introduction.

3 IT. The Multiplicative Model: assumptions and implications of the
case (median case, mean case); astimators of the parameters;

3 distribution of the estimatorsy prediction intervals,

131, The Additive Model: general model; estimations) distribution

! of the estimatorn; prediction interval,

IV. Gomparison of the Models,

V. Computer Prograwmt introduction; restrictions; seauence of
operations) input procedures (title card, order card, format

: card, data cards, blank card, summary of input cards); outputs;

¥ future studies.

, Appendix A, Matrix Definitions and Operations: matrixy equality
3 of matrices} matrix operations (addition, scalar multiplication,
] matrix multiplication); special matrices (square matrix, identity
4 matrix, transpose matrix, symmetric matrix, inverde matrix, positive
] definite nulrix).
Appendix B, &Statistical Facts and Relationships: measures of central
tendency (the expected value or mean of X, median of X); percentiles
: of a continuouy random varlable; measures of variability (varlance,
covarlance, covariance macrin)j linear combinations of random
varinbles; distribukions reluted to the normal (chl-square distri-
. hution, the t—diutribucion)b
3 Appendix C, Converaion of eM” to .
3 Appendix D, Absolute Minimum and Positive Definiteness of the Matrices ?
of Second Partials: pgeneral discusaion; spocific case.
Appendix E. Variance-Covariance Matrix.
_ Appendix F, FORTRAN 1V Sywbolic Program. ]
{ References.
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t 1 New Decision«Making Tools for Managers
Bursk, Edward C. and John F. Chapman, Editors

Cambridge, Harvard University Press, 1963, 413 p.

e AT o LT o r e gt = A TR,

A collection of articlea on a variety of decision-making tools that
are still valid today, in the areas of finance (chapters 6,7),
marketing (chapters 8.11), product strvategy (chapters 12-14), and
production (chapters 15-17).
]
1. Operugions Rasearch for Management (Cyril C., Hermann and John F,
Magee).
: 11, Mathematical Programming: Better Information for Baetter Decision
- Making (Alexander Henderson and Robert Schlaifer).
; 111, MHow to Plan and Control with PERT (Robert W, Miller).
’ 1V, Meaningful Costs for Management Action (Robert Beyer).
: V. Econometrics for Management (Edward G. Bennion).
g Vi, How to Evaluate New Capital Investments (John G. McLean),
1 VII. Mathematical Models in Capital Rudgeting (James C. Hetrick).
VIi1. Simulation: Tool for Better Distribution (Harvey N. Shycon and
Richard M, Maffel).
IX. Marketing Costs and Mathematical Programming (Willlam J, Baumol
and Charles H, Sevin),
X. Tests for Test Marketing (Benjamin Lipstein).
XI. Less Risk in Inventory Estimates (Robert G, Hrown),
X1I, Prudent Manager Forecasting (Gerald A. Busch;,
K111, Strategies for Diversification (H. Igor Ansoff).
X1V, Selecting Profitable Products (John T. O'Meara, Jr.).
XV, Mathematics for Producrion Scheduling (Melvin Anshen, Charles C.
Holt, Franco Modigliani, John F, Muth, and Herbert A. Simon).
XVli. The Statistically Designed Experiment (Dorian Shainin).
XVII. Quality Control (Theodore H. Erowm).
List of Contributorws.
Index.
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New Touls for Planners and Programmers
Novick, David

ganta Monica, The Rend Corporation, 1961, 21 p.
Rand No. P-2222,

#1t is the purpose of this paper to discuss (1) some of the conditions
n-making machinery inadequats, and (2)

which make the current decinlo
new tools which can meet the needs of the planners and decision makers.”
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The Normative Interest Rate
Berman, E.B.

Santa Monica, The Rand Corporation, 1959, 39 p.

"The normative interest rate is defined as the discount rate the
government ought to use In making its investment decisions. 1In this 3
paper, various alternative ways of setting the level of the normative 4
interest rate are examined . . . . The appropriate normative interest :
rate {8 than determined as a rate that is consistent with itself

; through the rate of growth of national product and the rate of decline ]
3 in the marginal utility of national product that it implies," ;

Introduction,

I. Welfare Return and Investor'!s Return: incremental tuxation; risk
premium; direct gains.

11. Three Truditional Devices for Setting the Level of the Normative
Interest Rate: rate of return on marginal private investment}
national time preference; long-term government bond rate,

111. Should the Normative Interest Rate be Zero?

1IV. The Rate of Growth of National Product Implied by an Arbitrarily
Determined Interest Rate.

V. The Normative Interest Rate as a Function of the Rate of Growth

of National Product.

VI. The Normative Interest Rate and the Equilibrium Rate of Growth:
removing the investment opportualty; the accelerator; the
endogenous generation of investment opportunities.

VII. Note on the Normative Interest Rate and the Level of Employment,
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Notes on Parametric Linear Programming
Manne, Alan S.

Santa Monica, The Rand Corporation, 1953, 7 p.
Rand No, P-468,

I. The General Linear Programming Problem.
Tt. P ( Q).

111, Q ( @ ).

IV, Extension of the Technique.
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On the Choice of Objectives in Systems Studies
Hiteh, Charles J,

Santa Monica, The Rand (ceporation, 1960, 13 p.
Rand No. P-1935,

An essay on the choice of objectives. There are three difficulties
in determining the right objectives:

(1) "It is impossible to define appropriate objectives without
kaowing a great deal about the feasibility and cost of
achieving them. And this knowledge nust be derived from the
analysig.n

(2) There frequently 1w no national or other high level objective
that can be taken as tgivent,

(3) v©vobjectives are multiple and conflicting, and alternative
means of satisfying any one are likely to vroduce substantial
and differential 'spillover! effects on others."

"Learning about objectives {5 one of the chief objects of nystems
analysis, We must learn to look at objectives as critically and as
professionally as we look at our models and our other inputs. We may,
of course, hegin with tentative objectives, but we must expect to
modify them or replace them as we learn about the systems we are
studying - and related systems, The feedback on objectives may in
soma cases be the most important result of our astudy.!
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On the Constructirn of & Hathematical Theory of the ldentitication of
Syestems
Bellman, Richard

Banta Monica, 'The Rand Corporatinn, 1966, 13 p.
Rand Memorandum RM=4769-PR, AD h42 678,

This memorandum discusses some of the problems involved in the
formulation of a mathematical theory for system idantification. By
system identification is meant the task of determining the atructural
parameters on the basis of obaervations over t- me and position of the
inputs and outputa.

I. Introduction,

11, A Pundamental Problem.

111, Hearch Techniques.

IV, Quasflinearigation.

V. Use of Transform Tachniquus.

Vi, Basic Uncertainties of On-Line ldentification sand Conkrol,
V11, Decomposition into Subsystems.

Vi1l, Pattern Recognition,

1X, Concluding Remacks.

Ruforences,
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On Dincounting and Risk in Military Investment Dacislons
Broussalian, V.L.

Vishington, D.0., The Franklin Institute (Bystems Bvaluation Group,
Center for Naval Analyses), 1966, 12 p,
BEC Resaarch Gontribution No. 10. AD 641 170,

A revised version of an earlier paper antitled "Discounting, Bias and
Risk in Milttary Investmant Decisfons: A Theoretical Discussion.t
Abstxact: "The tetm, dliacour*ing, is often applied indiscriminately to
two distinct operationsa., One operation, which attempts to simulate the
capital market's evaluation of an invegtment, represents a concepcual
ounchange Letween current and future income resulting in a '‘present
valuet, The other vefers to an essentially subjective revision,
normally downward. of an esxpected future benefit or vost, for any uf

A number of reasona. It s pointed out thut in the case of a military
effectiveness stream (& typlcal example of A non«marketable benefit
stream), it is meaningful to discount in the Firat senae. Oon the
other hand, whereas disconnting ih the sécond sanee could be maaning-
fully applied, there ia no single rate which the analyst ecting on
behalf of the decision-maker can apply. The practize of ralsing the
Jiscount vate by a premium to take care of risk and uncertainty may be
sppropriate when discounting in the pecond sanme,tt

Abatract.,

The Two Senner of Discounting,
"Dimcount ing" on Account of Riek.

14l




On the Role of the Cost Analyst in a Weapon System Study
Kermisch, J.J, and A.J, Tenmer

Santa Monfce, The Rand Corporaticn, 1966, 22 p.
Rand No. P.3360. AD 636 497,

T R S T ST TR i

This study makes the following two pointst (1) that the role of the
cost analyst (s not to appeav after decislons are made and previde
some hind of estimate which justifies the decisiona, and (2) that
cout analysis 1s not an antivity which 1s carried out by itewlf, but
is an important part ol a larger analytic activity which (s sometines

called systems analysin, sometines cost-effectiveness analysis, and
sometimas cobt-utility analysis,
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On the Theory of Dynamic Programming
Bellmun, Richard

Santa Monica, The Rand Corporation, 1952, 48 p.
Rand No. P-300.

Summary: "Some general problems are formulated and the existence
und uniqueness of the analytic equivalenta are proved. A discussion
and aolution of a number of simple examples are given."

I, Introductlon.

11, General Mathematical Formulation,

111, Existence and Uniquenasas.

IV, A Particular Functional Equation,

V. Guneralisatlons.

VI, A Simple Testing Problem,

vrY, Another Testing Problem,

vILl, T?a ?g? tional Equatdon: £(x) =~ Max[g(y) + h(xey) + £(ay +
b(Ney '

1X. The Equeciont E(x) = Mnx@(x) + f(ax), h(x) + f(bx)j.

X. g and h both convex,

XI. A Pav.aculer Solution,

XIl, A Problem in Optimal Performance,

Bibliogrwphy.
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Operations Research ~ Methods and Problems
Sasieni, Maurice; Athur Yaspen; Lawrence Friedman

New York, John Wiley & Sons, 1959, 316 p.

This book deals with a selectiuon of the mathematical techniques that
have been found useful In operstions research. The approach is
mainly through the madium of worked examples, against a background
furnished by some discussion of the relevant problam area.

I. Introduction.

11, Probability: saimple events; composite and related events; discrete

distributions; continuous distributions. '

111, Sampling: types; estimates from samples) curve fitting
simulated sampling,

IV. Inventory: known demand; probabilistic demand; probabilistic

demand with production lead time.

V. Replacement: capital equipment that deteriorates with time;
items that fail completely; staffing problems.

VI, Waiting Lines: Polsson arrivals and exponential service times;

Polsson arrivals ani Erlang service timesj Monte Carlo solutions.

VII, Competitive Strategius.

VIII. Allocation: the assignment problem; the transportation problem;
the linear programming problem; the simplex method; applications
of linear programming.

IX., Sequencing: processing each of n jobs through n machinaes; the

traveling salesman problem.

X. Dynamic Programming: problems with a finite number of consaecutive
decisions; problems with an indefinite number of consecutive
decisions,

Appendix 1, Finite Differences.

Appendix 2, Differentiation of Integrals.

Appendix 3. Row Operations.

Index.
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. Operations Research/Systems Analysis Glossary
| Operations Research/Systems\Analysts Executive Course E

- Fort Belvoilr, U& Army Managehent School, 28 p. §
: A-M'éOS"'N.l.

\
\
Short vocabulary reference to aid the student in familiar'ieing \

[ himself with ¢he specialized vocabulary of operations research and : '
4 systems analysia. ,
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Planning, Programming, Budgeting: a Systems Approach to Manngemant'
Lyden, Fremont and Eﬁniit G. Miller

Chicago, narkham Publishing Company, 1967, 443 p.
| :

The readings in this book have been assembled to provide the' con
temporary public manager or student of public administration with
information on what the PPB approach to budgeting is, how it has
‘developed to this point in time, how it relates to other kinds of
budgeting approaches, how it i3 related to and undetrpinned by systems
anslysis generally, how it may be appiied, and what itd limirations
and deficlencies may be., Part 1t PPB in perspective (chapters 1,2);
Part 2: budgeting and political process (chapters 3,4); Part 3:
approaches to planning and program budgeting (chapters 5-7); Part 4:
the PPB approach to budgeting (chapters 8-12)} Part 5: the system base
of PPB (chapters 13-16); Part 6: applications and critique of PPB
{chapters 17-19). \ !
I. PPBE Comes to Waahington (Virginia Held),
I1. The Road to PPB = the Stages of Budget Retorm {Allen Schick).
I111. Budgeting in a Political Framework (Jesse Burkhead).
IV. Public Attitudes Toward Fiscal Programs (Eva Muellar).
V. The Planhing Process - a Facet Design (Ydhetkel Dror).
V1. 'Toward & Theory of Budgeting (Verne B. Lewis).
Vil. Comprehensive ve. Incremental Budgeting in the Department of
Agriculture (Aaron Wildavsky and Arthur Hammann).
VIII. Program Budgeting - Applying Economic Analysis to Government
Expidenture Decisions (Murray L. Weidenbaum).
IX. The Role of Cost-Utility Analysis in Program Budgeting (Gene H. ‘
Filsher).
X. Costs and Benefits from Different Viewpoints (Roland N. McKean).
XI. Benefit=Cost Analysis -~ 1ts Relevance to Public Investment
Decisions (Arthur Maaws),
XII. Quality of Government Services (Werner Z. Hirsch).
XIII. Systems Analysia and the Navy (Alain C. Enthoven).
X1V, Systems Analysis Techniques for Planning-Programning-Budgeting
(E.S. Quade).
XV. Guaranteed Income Maintenance - a Public Welfare Systems Model
(Helﬂ“ 0. Nicol) .
XVI. Cybernetics (Magoroh Maruyama).
XVII. Limications, Risks, and Problems (Reland N. McKean and Melvin
' Anshen).,
XVIII., Planning-Programming-Budgeting Systems and Project PRIME
(Steven Lasarus).
~ XiX. The Political Economy of Efficiency - Conmt-Benefit Analysia,
Nystems Analysis, and Program Budgeting (Aaron Wildavsky).
" Appendix, Planning-Programming-Budgeting Bulletin No. 66-3,
Supplement to Same, Bulletin No. 68-2.
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The Planning, Pregramming, and Budgeting System
Office of the Assistant Secretary of Defense (Comptroller)

Washington, Depurtment of Defense, 1969, 37 p.
DoOpI 7045.7

References.

I. Purpoae.

; II. Applicability and Scope.

111, Definitions.

: IV. Cancullations,

i V. Program/Budget Review Schedule.

VI, Strategic Objectivas.

V1iI, Fiscal Guidance.

VIII. Program Objectives.

IX. Component Comments,

X, Decision Implementation.

XI, Budget Estimates,

X11, Approved Program Changens,

XIII. Limitationl.

XIV, FVDP Handbook.

XV, Implementation and Effactive Date,

Enclosure 1. Preparation and Prucessing of Program Objective
Memorandum,

Enclosure 2. Preparation and Processing of Program Change Request:
goneral; processing; specific informationj DD Forma 1570, 1570.1,
1570-2, 1570-3, and 15704,

Enclosure 3, Use and Preparation of Prugram Change Decisions and
Prograti/Budget Decisions: general; specific untries; PBD forms
SD Fowma 428, 4281, 428.)c, 428-3, 428-4, 428.5, 4286,
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Potentials of Economic Analysis in the Department of Defensae
Defense Hconomic Analysis Gouncil

Washington, Office of the Assintant Secretary of Detense (Comptroller),
1970, 92 p.

Proceedings of the DOD one-day meeting on implementation of economic
analysia, 30 October 1970,

Foreward.

Keynote Address: Economic Analysis in Today's Management Ewvironment
in the Pentagon (Hon. Robert C. Moot).

Office of the Assistant Secretary of Defense Addresses:
Instigators of Analysis (Edward E. Winchester).
Output Makes the Difference (COL Vincent J. Klaus).
Economic Analysis for Food Service (Herbert M, McCarthy),

Office ol Management and Budget Addremg: Development of Effective
Methodulogy for Economic Analysis (Dr. Willlam Niskanen).

Army Addresss Implementation of Economic Analysis in the Department of
the Army (T, Arthur Smith).

Navy Ad-ivess: Economic Analysis - Where do We Go from Here? (CPT
Lloyd Yueich).

Alr Force Addresgs: Implementation of Economlc Analysis inh the
Department of the Alr Force (MA) Stephen 1. Opite, Jr.).

Panel Ligoussion: Implications of the Blue Ribbon Duferse Panal
Recommendetion to Strengthen Analytic Capability throughout DOD.

Appendix 1, Blographies.

Appendix 2, Blue Ribhon Defense Panel Recommendation 1177,

Appendix 3, Points of Contact on Econoimnic Analysis,
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PRC Capabilitias in Resource and Cost Analysie
Cost Analyain Department, System Economice Division

Washington, Planning Rwsaarch Corporstion, 1966, 99 p.
PRC G127,

#This document serves to introduce potential clients to the cost
analyesis activities conducted by Planning Research Corporation. The
body of the veport includes the techniques and methods amployed and
a discussion of the costing concepts and procedures applied to
problems of resource allocation; also a brief history of PRC and a
deacription of its areas of service, facilitiem, and managemert,
Finally, experience gained during the last decadec related to cost
puslysis is presented in the form of belafs "

I, Introductiom.

11, PRC Corpurate Background: general background; project management
and approach; aervice areas; corporate facilities; security
clearancein.

111, Costing For Resuurce Allocation: generaly cost synthesis
(general, major considerations, alternative cost-synthesiring
approaches)) vost estimation (major considerstions, alternative
cost estimating approaches)) cost televancy considerations
(general, wsunk versus incremental costs, ramaining valuas,
inherited nusata, apillover costs, relevant prices, joint costs,
intangibles) | summary,

IV, Related PRC Experfenca: costeuaffectiveness analysisy development
uf cost affectiveness methodologyi cousl/management control aysuems)
cost analyais,

V. BSealected Parsonnel Rusumes,
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A Preliminary Cost-Effectiveness Handbook
Barfoot, Charles B.

LATVELET WM T NI

Tachnical Operations, 1963, 34 p.
CORG Report CORG-R«180. AD 446 700,

A 77 T i 251

Abstractt "fhis preltminaty handbook was developed for use by Army
Combat Development Command field agenicies and ad hoc study groups in
the preparation of cost-effectiveness studies. The handbook discusses
the purpose of cosc-effectiveness Analysis, general methods for
comparing alt rnative systems, and the major elements of the analysis.
Two examples of cost-effectiveness evaluatlons are presented. General
references and a hibliogwaphy of published sources for cost data and
of publications on systems und force structure custing are included.!

T B T I T bl P e AT

y Abstract.

} Purpose and Scope of Handbook.

Purpose of Cost-Effectivenass Analyris.

General Mathods for Evaluating Materiel Systems.

Elements of the Analysis: general} objectives; alternatives; costsj
models; criteria.

Soutces for Cost Data.

Examples of Coust-Effcectiveness Evaluations.

Appendix A. Examples of Cost Effectiveness Evaluations,

Appendix B, Reference and Bibliograpby.

Appendix C. Study Directive,
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Preparation and Submission of Annual Budget Estimatas
Bureau of the Budget

Washington, Executive Office of the President, 1969, 201 p.
BOB Circular A-11,

General Information and Policles:
policies; format of material.

Information Required for Budget Examination Generally: concepts,
clasgifications, and sequence of material; summary statements;
analysis and justification of programa; justification of particular
requiremeants,

Information Required for the Budget Appendix: language sheets and
explanations; programming and financing schedulesj object classifi-
cation and personnel summary; schedules on detail of permanent
positions; narrative statements on program and performarce; business
type budget statements; special statements.

Additional Data Required for Analysis: supplementary source document;
data on Federal credit programs; summary information on construction
of Federal civil public¢ works; data on research and development;
data on health programs; data on education and related progrums;
data on agency borrowing and investment; data on programs for
reduction of crime; data on Federal income security programs; data
on Federal manpower programs.

Appendix A. Chapter and Organization Codes.

Appendix B. Character Classification Definitions and Codes.

Appendix C. Coverage of Federal Credit Programs.

Appendix D. Receipt Categories.

Index.

general requirements; general
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: A Primer of Ceste-Effectiveness
; Sutherland, William H.

; McLean, Research Corporation, 1967, 95 p.
} Technical Paper RAC-TP-250, AD 816 751,

; I. The General Purpose of Studies: why this primer? what goes into

! studies; responsibility for decisions and responsibility in

f studies; measurables and unmeasurables; commensurables and
incommensurables.

I1. The Five Essentials of a Cost-Effactiveness Study: objectives
und effectiveness; problems in devising measures of effectiveness

: broad and narrow measures; costs s one of the ensentials} models;

b a model for an artillery study; criteria.

' I11. Costing Procedures: costs as measures of resources; opportunity
loss; what goes into the costs of forces and equipment; coste
estimating relations; learning curves; sunk costs) discounting
and amortization,

IV. Analysis Techniques: the place of techniques in syscematic
quantitative snalysis; ways of showing cost effectiveness of
slternatives; more about cost-effectiveness curves; analyring
mixes of alternatives; sensitivity analysis.

V. Summary and Concluding Remarks,
References.
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Problems in the Upe of Discounting
Cownie, John

Washington, DC, Office of the Assistant Secvetary of Defense (BA)
Economics, 1967, 1) p.

"This papetr descrihes aud Lrirfly evaluates some of the oblections
which have been raized against the use of discounting in DON cost
analysis, Some vbjections may be entiraly misconcelved, but many
have a sort of partial validity; arguments from the latter group
often serve the function of delimiting the avean within which the
discounting procedure is properly applicable, The function of
tanswers! to such objections is not to rationalisa them away, bul
rather to specify clearly the restrictions which they impose upon
the use of discounting.?

Introduction,
The "Borrowing Rate" Argument,
Indefinite Cost Stroeams,
Juggled Cost Streams.
Unequal Effectiveness,

isk and the Discount Rate,
"Future Cenerati@ns® Argumants,
Uncertainty about the Discount Rate.
Relative Factor Prices,
lnamployment and Discounting.
Conclusion,

Lo e TR,




Proceedings +f the Fivst Annual US Arwy Materisl Command Sy, cems
Analysls Symposium
Pollard;, Rohert

Washington, US Army Materiel Command, 1969, 210 p.
Tochnical Report 69-1. uAINNNNES AL - ¢ G YT

Welcome Remarks (COL Leonard D, Mitchell),
A View of Systems Analysis (LGEN William A, Bunker).
The Syscomn Analysis Effort Within AMC (William J, Tropt).

; Orgwigation and Functions of the Army Materiel Systems Analysis
4 Agancy (Dr, Josaph Sperrasea),

: Prelimiaary Concepty for u Tactical Logistic Vellcle Evaluation
! Hethodology (CPT Martin Wacha),

f A Conceptual Framawork for Tactical Logistic Vehicle Evaluation

(Ac L. Smihh).

Informal Remarks to AMC dystems Analysis Sympoetum (Hon. Alain C.
Enthoven),

Cost Analysis Technical Manual (CATEM) (LT Bavry E. Feldman).

A New Geaphic Probablitetic Appraseh to VPERT (Dr. Donald T, Barsky).

TROMOD - A Cost Presentation Model (LT Jumaa Wormley).

A Panel from the Reseavrch Analyasis Corporation,

Ovwarations Rasearch fn AMC « Paat and Future (Abraham Goelub),

A Time Dependent Artillavy MNvaluation Model (Alan &, ‘lhomas).

HSemigaming Methndology tor Dynamic Thraat Deseription (Arund N Redd),

Syatems Analysis Cspabilicies at the US Aemy Klactvonlen Goneand

(Dinrel Salvanwy),

Blectivenesn Analynie of Comnon Daer Communtvation Syatem (Michael
A. Benunki).

The Orpantsational Avruvture of the US Avny Aviarion #yetams Comnand
LHavard M, Hauer),
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Proceedings of the NMSE Svystems Percformance Effectivaness Conference

Washington, US Naval Applied Science Laboratory, 1965, 223 p.
AD 629 145,

This Nonument contains ninetean pepers presented at the NMSE Rystens
Performance Effoctivensss Conference hald in Washington, NG, on
April 27 and 28, 1965, These papers summarige the stntug of the
rapidly sxpanding Navywide effort in systema rffectivanemas, Some of
the topics covered {n these popers include: relfability, maintain-
abilityy logistica and tgchnical suapport, and subsystem performance
of Dboth the man and the muching,

Welcome (RADM G.A, Curtin),

Introductory Remntia (VADM 1,0, Jalantin),

Systems Effectivenass in the OQureau of Naval Weapens (RADM E,E. Fawkaes).

WMSE Program for System Effectiveneas (John W, Btone),

System Performance EXfactiveness Program aind Program for Advanced
Concepts in Electvonic Lasign (Paul J. Glordane),

Systom Effectivenesy Analysiss 1ilustrvative Example of Nethndology
(Sul Seltmer).

Denigning for Incegrated Madotainabilicysr Concaepta and Approaches
(John Sanderson),

Lifa Cyzle and Implications (Pantelia Sguures),

Naval Aviation Malntenance and Haterial Management Systew (ChR T.M.
TEI‘):

Intugratad NMalntananue Managoment, WR. 40, Applieu tn Feasthil ity Lhase
(J.F. Witten and James danovess).

Retiability and Maintatngbilicy Tvadiofle (Sidney Orbach),

Benigr Cricorta for tThyovwawvay Versus Rapaily HatnLename (AE, Rupp).

besign Discloaura Pormat Dovelopment (Raiph Duraul),

Nievovlectianies for Integruted Shipboavd Bystens (Tum MeBuitie).

Enhanced Matnca . nabidiey Thhougn Aulwnatic Vel formance Montear fap and
Fault Teolation (CDR G W, Postletlivanite),

Tachntral Unta Base €or Tncegratvd Logist i Huppoot (CoL, Kave),

The Allovance Liet aw 4 Functton of Kvatem Blfectl {veneds (A 5, Rhode),

duman Factors and Tialning Aspect s of dbh (W L, Hopking)

15%




\
. Proceodings of the sSecond Sympusium in Linedr Vrogramming
t Office of Sclentific Research
Washington Depactment of the Alr Fcrcae, 1955, 2 vol,, 685 p.
‘ Part 1t afpllcntions (chapters 1«12); Part 2: aconomic theory
: ,chapters 13-18); Purt 3t computation (chapters 19.26); Part 4

§ theory vf linaar inequalities (chapters 27-32); Part 51 developments
i on linear programming (chapte: 33),

. 1, Mil{tary Applications of Linear Programming (Walter Jacobs),
E L1, Linear Prcgranmming in Bid Evaluations (Leen Caineu),
1171, Litnar Progeamming in the Face of Uncevcatnty (.M. Danskin),
\ TV, The Assembly Line Ralancing Problem (M.E. Selveson’,
V. A Commurcial Use of Lineay Programming (James H, Batchelor),
i VY. A Model for Uptimising Productiun by Reference to fost Surrogaten
g (A, Charnas, W.W, Cooper, B. Mellou).
Vil. A Production Bmoothing Problem (George Danteig and Salwer Johnson).
, Y111, A Linear Prograwming and Structural Design (3, Foulkes),
é IX. Application of Linwvar Programming to Optica' Filter Duzign
j (Alex Ordan),
3 X. Programmiug under Conditions of Uncertainty (D.F, Votaw, Jr.),
X1, Stochartic Linecar Programning wlth Applications to Agvicultuval
Beonumics (O, Tintnerg. )
X11. UOynamic Progravuming and Hulil-Stage Decislon Procerses of
Stochastic Type (Richard Bellman).
X111, Linear Progvamiaing and Economic Theory (Paul A. Samuelson).
X1V, On a Theorem of Wald (H,W. Luln).
¥V, Compaetitive Bquiliby.um with Depandent Consumey Prefuvencaen
(Lionel W. McKungle).
XL, Limttacionglicy, Limlcativeness, and Fconomlc Boullibrium
(Nicholas Usorgescu-Hoegen).
XVI1.  Ap Activity Analyats Appreach to Locat ton Theory (M, Beckmann
and T, Mavuchak),
XV111, The Linoar Team (Koy Rudnar),
AIX, How tu Rolve a Linear Programming Peoblem (A0 Holfman).
XX, Projectrvon Matheds in Caleulatfon (G, Tampkine),
¥X1,  KXNaduction ol Systams of Ldnear Relat Lans (Phil{p Helte),
ANLL. Optimieing a4 Functlon of Additlvely Separated Vartables Hubject
to a Himple Ro.triction (Andrew Vaenwunyl),
K311l doma Results ih Nob-Linear Programming (R.M, Thrall). '
X1V, A Flval Feawlble Bulution to the Linear Programming Problem ;
(Buul I, daaw).
XXV,  Conaepte and Comput luy Procedurves For Uertaln x., Mrogrvamming
Prublams (Mavvy Markowion), ' !
NXVE,  Linese Peogramming Acbivitias in Ungland (H. Vujda),
KXVIL,  Livear Jnequadivtes and Conver Polyledral Hevs (AW, Tucker),

196
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XXV1Il. Consistency Conditions for Finite and Infinite Bystems of
Linear Inequalities (Ky Fan),

XXIX, ‘The Probability of Bolvability of Lineur inequalities
(T.8, Motskin),

XXX. Optimal Rays for Linear Programs (A.J., Goldman).

XXXI. Distribution of a Product by Beveral Properties (Emil D. Schell),
XXX11, On the Travelling Halesmants Problem (1. Heller),
XXXI11., Developments in Linear Programming (George B, Dantsig).
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PROGEBY - A krobabiliscic Cont Estimating System Simulator
Durrwachter, Yenry W.; €, Richard Congerj D.W. Luczak; R.D. Shesder;
J.M. Zrno.

Science Park, HRB-Singer, 1967, 58 p.
S8inger Report 8-160. AD 813 331

Abstract: "This report praesents one method of evaluating uncertainties,
The cost analyst estimates for each significant system cost or require-
ment a high and low value. 1n addition, he selects one of nine Beta
digtributions which he feels best describes the uncertainties associated
with the cost or requirement, Each distribution and its associated
data are then inserted into a total life cycle system cost model and
combined through a series of computer routines using a Monte Carlo
sampling technique, to¢ establish a single distribution. This
digtribution is plotted as a histogram which represents the
uncertainties assoclated with probable total system cost.n

I, 1Introduction.

I1, Technical Approach: discussion of problem; problem msolution
alternatives.

IIl. Discussion ot PROCESS: assumptions} programming approach.

IV, Program Usage and Case Studies: gsneral program usage; case
studies (operating costs, life cycle systom cost, equlpment design
project).

Appendix A, Definition of Termas, Flow Gharts, and Program.

Appendix B, Input Data Format.

Appendix C. PROCESS Computer Frogram,
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Program Budgeting . . .
Novick, David, Editor .

Santa Monica, Rhe Rand Corporation, 1965, 236 p.

Preface: This book concentrates on the program aspects of the budget.
It avoids problems of fiscal policy, revenue, and relat=d isgsues,

Part 1: government decision making and the program budget (chapters
1,2); Part 2: actual and potential applicactions of the program '
budget idea (chapters 3-8); Part 3: implementation and operation
(chapter 9). .

1. QConceptual Framework for tHe Program Budget (Arthur Smithies).
I1. The Role of Cost~Utility Analysis in Program Budgeting (Gene
H. Fisher).
111. The Department of Defense (Daviﬁ Novick).
Appendix. Illustrative Exampleiof Cost-Utility Considerations
in a Military CGontext (Gene H. Fishet). ,
1V, 7The Space Program (Milton A, Margolis and!Stephen M. Barro).
V. Transportation in the Program Budget (John R. Meyer).
VI. YEducation Iin the Program Budget (Werner Z. Hirsch).
V1I. Federal Health Expénditures in a Program Budget (Marvin Frankel).
VI1ll. Program Budget for Natuvral Resources Activities (Werner Z.
Hirsch).
IX, Problems, Limitations, and Hisks (huland N. McKean and Melvin
Anshen).
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Project Madelling: A Technique for Estimating Time.Cost-Performanca
Trade~VEfs in System Development Projects
Zschau, E.V.W.

Santa Monica, The Rand Corporation, 1969, 94 p.
Rand Memorandum BM-5304-PR, AD 691 810.

Summary: "This memorandum outlines a preliminary methodology for
estimat ing tlme-cost~performance trade-offs to help with the planninyg
of system development projecta. In addition to describing how the
models might be cocstructed, this study discusses how the information
derived from them could be used in the system planning process, and
focuses orn some important methodological problems that must be solved
in order to make the project modelling approach operationdl.t

Preface.

Summary.,

I, Introduction: the structure of system development decisions}
four reasons why project trade-offs are difficult to measure;
an outline of the project modelling approach,

11. Formulating Project Models: introduction; the system design
model; the project schedule model; gathering activity cost
function estimates; synthesizing the system model and the
schedule model.

1II. Using Project Models: the project modal as a trade-off
functionj replanning projects using feedback information;
analyzing and reducing the effect of uncertainty with project
modelling; using project modelling within the framework of
current DOD and AF management practices.

IV, Extensions and Naede? Research: develeoping efficient computa-

tional methods; developing extensions to the basic approach;

conducting fleld studies.
References,
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The Quantity versus the Quality for the Data Used {n the Dirivation
of 4 Cost Estimating Relationship
Zunnan, Morris

Arlington, Institute for Defense Analyses (Cost Analymsis Group),
b 1969, 29 p., Rescarch Paper Pu4Bl, IDA Log No. HQ 69-=1070%.
; AD 699 131,

Presented at the Joint National Meeting of the Opsrations Pesearch
{ Soclety of America and the American Astronom!cal Soclety, IB June
1969. Summary: "One of the most important, time consumiug, and
expensive steps necessary in the development of a cost mudel lg the
F collection and analysis of data that will be used to darive the
model's cost estimating reletionships. Tradeoffs on how a cost analyst
; might bast allocate his time betwean collevting the data on
additional programs and analyging in furtber detail the data alveady
in hin possession are prerented. The measure of the cost analyat's
productivity is the reduction in the confidence bandwidth about the
cost estimate, These trade-off curves indicate that the cost analyst
rapidly runs into the law of dimirtishing returns for effort expended
gathering additional data and/or refining the data in his possession
when his productivity is measured as the reduction in the confidence
bandwidth about the cvost estimate. Curves and equations showing the
ratio of confidence bandwidth for an entimate Jderived from a data
hase of sl¥e n, to the confidance bindwidth fer an estimate derived
Jfrom an infinite data base are prassnted for both the cases wherc
tha costs are assumed o have a normal dintribution and a log normal
distribution., The anslyses presented ave cnly applicable to
confidence statemants that are made about estimates for a single
future occurenca and not for estimates about 4 population mean. It is
argued that the uncertainty about an estinate is caused by essentially
three factors, the randomness of the actual cost diptribution, the
randonmriess of the cost estimator's distribution, and the bian of the
estimator. For wmost practical problems only the estimator's variance
can be reduced by increasing the data bsse sige and refining the data.
The cost randomness and estimator bias sre essentially independent
of the data base sixe and degree of rafinement.t

R P Ty e

Foreward,

Summary.

A, Basi‘c Assumptione: measure of productivity (cost randomness,
estimator bias, vindomness of the estimator); preparation of CERa.

B, The "Quantity" versus "Quality" Trade~Off.

Appendix. Confidence Bandwidths for the Log Normal Distribution.
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Quasi{linearisation and Nenlinear Boundary-Value Problems
Bellman, Richard E, and Robert E, Kalaba

Junta Monica, The Hand Corporation, 1963, 208 p.
Rand No., R-4)A.PR, AD 470 684,

3 "This volume {s intended as an introduction to quasilinearieation,

i aimed both at those who are solaly interansted in the analysis, and
those who are primarily busted with applications . . . , The
objectivea of the theory of quasilinearization are easily stated.

; Fivat, we desire a uniform approach to the study ot the exnistence

i and uniquensss of the solutions of ordinary and partial diffarential
1 equations subject to initial and doundary«value conditions,

1 Furthermore, we want rvepresentation theorems for these golutions in
: terms of the solutions of linear squations, Finally, we want a
uniform approach to the numerical solution of both descriptive and
variational problems which possesses various propercies and vapidity
of convergence." Bibliography follows each chapter.

Introduction,

1, The Riceatd Equationt Newton«Raphsen method; multidimensional
varaion| square roots| quasilinemrisstion; Ricouti aquation)
fivat vrder linear equationg solution of Rictati equationg upper
and lower bounds) succersive approxfnations) monotonicity) a
a fundamental lemma,

11, Two-Point Bounidary.Value Problem for Becond-Urder Differential
Kquationa: inhomogenaous aequation; veetov-matyin approach)
Green's functions) convexity; quasilineavisation; eaistence
and boundudness; convergenca; general second-order nonlinaar
diffaventtal equakionn) calculun of vartationgy solutton of
inner problemi dynamic programming; duvaviant imbedding.

[11. Monotone Behavior and Differential Iuequalitias) peaftiviey

result) chavacturintic valuea) variational appreanh,

IV, Systemas of Diffevential Equations, Stuvnge aud Diffovential
Approstmation) dquasilinewvisation applied e aystemaj welut ton
of Jinear aystem, muleipolot bounddey-valua prablens; aimul-
tanaous aalowlaklon of appraxtmationa; baek and loveh incegrstionm
a reonewil equation.

Vo Paruiabl DUEfevent lal Equattond  paraballe, eblipuic, Hupl-la=,

VI, Applications in Phyatod) Rogloaevingy and Rlology,

VI, Dynamic Pregramniog and Quastldveavisatdon)  beale ftupct lonal {

aquation) dynamie programning and dittevential approximations

Appendin L, Minimum Time Program,

Appandix 2. Dasign and Contrel Program,

Appondix 3, Program for luadiative Trunsfer « Inversae Paoblem tar twoe

Slabe, Three Constants,

Appendin 4, Van Dar Fol Quation Program.

Appeudin 3. Orbit Determination Program,

Appendin 6. Cardlology Program,

Inden.
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Readings in Command Management: Modern Analytical Methods
US Army Command and General Staff College

Fort Leavenworth, USACGSC, 1967, 386 p.
Reference Book RB 20-5, Volume 1I.

I. Military Technology and the Policy Process (Tarr).

II. Systems Analysis (Hayes).

I1I. Systems Engineering Barney).

IV. Decision Theory and Systems Analysis (Enthoven).

V. The Army and Cost/Effective (von Kann).

VI. Cost-Effectiveness: an Introduction and Overview (Quade).

VII. Cost-Effectiveness - Fact and Fancy (Tucker).

VIII. Guide for Reviewers of Studies Containing Cost-Effectiveness
Analysis.

IX. Operations Research - A New Science? (Hoag).

X. Operations Analysis in the Department of Defense (Hitzh).

XJ. Operations Research (Hazelwood).

XII. Military Systems Analysis (Quade).

XIII. Some Facets of Systems Analysis (Murray).

XIV. Firepower - Tool for Systems Analysis? (Rice and Hatch).

XV, The Myth of Decision by Computer (Seigle).

XVI. nOn Line" in "Real Time® (Burck).

XVII. 1Illustrated Problems.

XVIII. An Over-all View of PERT (Getz).

XI1X. Project Management and PERT (AMETA).

XX. Program Evaluation and Review Technique (PERT) (aSD, USAF).

XXI. Common Problems Associated with Implementation of the PERT Cost
System (PERT Coordination Group, BuWeps, Department of Navy).

XXII. How to Plan and Control with PERT (Miller}. )

XXI1I. PERT (Armed Forces Management, Jan 1963).

XXTV. Panel. Network Techniques (Army OX Symposium 1964).

XXV. Practical Advice for the Use of PERT (Francis).

XXVI. The Critical Path Method and Military Plannine (Hatch}.

Appendix A, Gloessary.

Appendix B, Bibliography.
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Research and Development « Program/Budget Costs - Definitions
Office of the Assistant Secretary of Detense (Comptroller)

Washington, Department of Defense, 1968, 18 p.
pobr 7220.5,

References,

: 1. Purpose,

‘ II. Applicability and Scope,
111, (Oancellations.

1v. Policy and Definitions.

V. Uniform Program/Budget and Accounting Classification for R&
Resources.

i Vi, Effauctive Date and Implementation,

] Enclosure 1. R&D and RDT&E Program/Budget Aggregates Definitions.
‘ Enclosure 2. References (continued).
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Resource Analysis and Long«-Range Planning
Novick, David

Santa Monica, The Rand Corporation, 1963, 22 p.
Rand Memorandum RM«3658<PR. AD 406 844,

Summary: "Program budgeting, cost effectiveness, and cost analysis
are terms utsed with increasing frequency in our military establishment.
This memorandum discusses each of the terms, with emphasis or cost
analysis, and shows how the concepts that they represent are important
for Alr Force long-range'planning. Since this memorandum is intended
primarily for persons who must provide Iinputs to, as well as use

the results of, cost analyses, examples are given of the kind of
detailed information required."

Preface.
Summary.,
Text.
Bibliography.
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Rewource Analysis in Military Long«Ranging Planning
Novick, D.

Santa Monica, The Rand Corporation, 1964, 13 p.
Rand No. P-28B61, AD 431 524,

dMilitary planning in the Department of Defense is now adminiastered
through the program budget procedure, This arrays the national
security objectives in terms of major missicns and the major systems
for accomplishing them. 1In this process a wide range of alternative
equiptients are considered as well as varying possibilities for
deployment or operation of them, Each possibility is translated 1in
terms not only of military effectiveness but also of the cost of
obtwining and operating that capability, This paper discugses the
elements of the new decision.making process intvodiced by Robert
McNamara in 1961.t

Program Budgeting.
Cost Effectiveness.
Cost Analysie.
Concluaion,




The Role of Cost Analysis
Yates, Edward H.

: Santa Barbara, Dofunse Rasearch Corpuvration, 1964, 11 p.
i IMR‘.]-BSI AIM Pﬂp!r ND: 6“-‘508u

(bl L

1A discussion of the gereral procedures involved in cost analysis and
the derivation of costs for {nclusion in cthe overall procedure, Specific
applications of cost analysis are presented, Followed by a discussion

: of accuracy and future developments in cost analysis."

Introduction,

General Proceduras,

Derivation of Costs.

Cost Tasks as Related to Prograr: Sases,

Applications of Cost Analysis.

Accuracy of Cont Estimates,

Future Developments in Cost Analysis,

List of References.

Appendix. Independent Variables Used in Zstitmating Various Cost
Categories.

Table 1, Typical Cost Elenents for Mipsll¢ or Space Systems,

Table 2. Forms of Estimating Equations,

Table 3. Examples of Estimating Hquations,

Table 4. Applications of Cust Estimating Relationships.

Figure 1. Development of GERs,

Figure 2, Progress (urves Resulting from the Assumption of a Linear
Cumulative Average Gurve on Logarithmic Gridas,

Figure 4, Numulative Total Costs of Alsernate Communication Systems
as # Function of Cumulative Years,

Figure 3., Effectiveness Versus Budget for Alternative Weapon Systems.

Figure 6. Force Plan fil = Total Cost Analysis.

Figure 7. [Illustration of Sensitivity Analyuis. |
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The Rcle of Cost-Utility Anailysis in Program Budyeting
Fisher, G.H.

Santa Monica, The Rand Corporation, 1664, 19 p.
Yand Memoraudum RM-4279.RC. AD 608 158,

"This memotandum outlines the main characturistics of rost-utility
analysis end some of the wmajor considerations involvad it carrying
out such an analysis,

Pretace.

Summary.

Intvoduction.

What 18 Cost-Ubtility Analysis?

The Primary Purpose of Cost.Utility Analysis,

Some of the Majer Considerations luvolved in Uoing Cost Uttlfity

Analysia:r proper skructuring of the problem snd design of the
analyaist the conceptual framewurk; building the modulj treatwent
of uncertainty) treatment of problem asvociated with timuyp validity
chocking; qualitative supplementationy sunmary commenta,

A Milivary I)lustrative Exampley pganeral statement of the proeblem
further conslideration of the problem; some considerations in the
strategic bombardment area; sumsnary analyses of cvosat and upilivy
a purely qualltrtiva analyaisa) a subsaystem {llustrative asample,

A NoneMilitary Exampler the prn{ent'a estimated ueilityy cont
conatdavationsy summary of utility cohalderationsy vanking ef
projects,

Summary of the Chaptar,
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The Simple Mathematica of Maximigatiou
Entheven, Aluin Q.

Santa Monijca, The Pand Corporation, 1959, 70 p,
Rend No., P.1833,

ormilated {r aconemic terms, a problem of cholze can often be
reduced to Lhat of determining the mam)mon or minlowm of a funciion
of variables that ave constrainad to lie within s limited roglon.
The functizn s an (ndex uf the extent to which some objernivas or
st of objecrtives lmg been a~bluwvad, 1t provides a vanking of all
fosalble combinations of the varfables on which Lt depends, at

east in the region of interest, The vartiables represent the extent
to which verfous vessurces are enwployved in the achievement of thy
objoctive, Thelr values arue consteained to lie within a limited
region corresponding te the rodources avatlavle bacauske the ragouvces
are limited,"

e Introduction.

1. CGonsevained Maning

11, EBeonutte EfEicleney.

W, QOenaraliintions « Honlinear ¥Programsing.

W, MHow ko Find the Maximumw « The Gradient Method,
Vi, bDecentralisation and BubOpeimtearion,

Vil Huximiegatior againet an Opponent,

Footnotes,
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Bume Applications of the Theory uf Dynamic Preograwming -~ A Review
Bullman, Richard

e tleh ol

TR T

S8anta Monica, The Rend Corporation, 1954, 23 p,
Rand No. P.490,

Summary: “The purpose of this paper 1a to provide an expository
sccount of tha theory of dynamic programming. To i{llustrate the
gereral principles, two particular problems, one of detneminiatin
type and one of stochastic type, are treated.n

IS TR

1. lutvoductiovn,

11, Optimal Allocsation - Classical Formulation,

111, Optimal Allseniion « Functional Equation Approsach.
1V, Computational Technigues.

V. Some Typical Results.

Vi, llold “t“’.ﬂgo

VII. Punctional Equation Approach,

VI1l. ‘The Bolution.

IXe Discusslon of the Bolutionm,

X, A Oeneral Description of the Dyramic Progysmning Froblems.
K1, Somd Typical Problems.

) Refurances,
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Some Intercat Rate Awpuccs of Weapon Bysters Investment Policy
8obin, B,

Arlington, Institute fur Defense Analyses (Weapons Systems Bvaluation
Diviston), 1965, 70 p.
Resoarch Paper P-171,
“This paper presents a formal examinacion of the theoretical basis
for the use of interest rates in weapons systems evaluations and an
analysis of economic data that yield a numerical estimate of a
suggerted rate of interest, The model on which the interest rate
concept 18 basad uses techniques that economigts have used in
analysis of consumer behavior and in some monetary theory. The
novel awpects of the model are the kinds of dJdata used and the
emphasis placed on Department of Defenne problems,n

Introductian,.

Gonclurions,

Definitions,

Discussion: the place of interest in a simple optimiring model; the
place of interest in DOD planning; rates of return applicable to
DOD investment decisions,

Appundix, Curront Government Interest Rates Outside the Depirtment
of Defensa.
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Some Curve-Fitting Fundamentals
Petruschell, R.L.

Santa Monica, The Rand Corporation, 1968, 134 p.
Rand Memorandum RM-5766-8A., AD 680 613.

Prepared for the Office of the Assistant Secretary of Defense
(Systems Analysis). Summary: '"Much of the difficulty cost analysts
have with curve fitting results from an inadequate grounding in the
analytic geometry of the empirical equations with which they work,
This Memorandum attempts to provirz a concise but relat valy thorough
discussion of this subject while at the same time demonstrating
selected methods for doing mechai ical curve fitting. The material is
presented in three parts. Section I discusres the properties of the
straight line, the exponential, the power function, and the parabola.
Included in the discussion of the exponential are the laws for
exponents and hence logarithms. Emphasis is on providing insights
into the impact of the parameter vaiues on the form of the resultant
curves. Graphical illustrations are used estensively. Section II
presents different methods of using these curves to describe the
telatiunship between two variables, 1t discusses the method of
selected points, the method of averages, and the method of least
squares, making considerable use of scatter diagrams., It describes
a number of measures of goodness of fit including the standard
deviation, the coefficisnt of variation, and an average percent
deviation. Throughout this section, computational procedures are
carried out in cumplete detail. The discussion of curve fitting ls
continued in Section II1I, where cases with more than two varlables
are considered. By using the method of successive approximations,
the initial discussion attempts to convey the idea of a net
relationship between two variables, eliminating influence of any
others, and thus to clarify the meaning of the coefficient in the
multivariaste linear equation. The method of Teast squares is shown
to produce the same results as did the method of successive
approximations and wvith significantly less computational effort.

The discussion turns next to the nonlinear case. Each of the
functional forms described earlier - the exponential, the power
function, and the parabola - is used to describe a nonlinear
ralattousnip between three variables. Although the method of
successive approximations may be used for fitting curves to nonlinear
relationships, only the method of least squares is described. The
decision to discuss the analytics and the curve-fitting mcthods in
separate sactions of the Memorandum was purely arbitrary. For many
purposes, the user of this material will want to combine his readings
in the [irat section with his readings in subsequent sections. The

parallel nature of the presentationn In each section was designed to
facilitate this."
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Proface,

Bummary.

I. Qurve Fitting and Empirical Equations: introductiony some basic
analytic geometry (strafght line, parabola, exponential, power
function).

11. Fitting Cuprves to Two-Variable Relationships:t straight line
(selected points, sverages, least syuares)} parabola (form 1,
form 2)4 exponentialy powar function.

111, Three-Variable Gurva Fitting: linedar case; nonlinear case.

Appendix A, Derivation of the Normal Equations for a Least-Squarey

Fit of a Straight Line, a4 larabola. and a Three-Variable Linear

Equation. 1

Appendix B, Derivation of the Formula for Calculating the Constant, 4

Bibliography. 4
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Atendard Rates for Costing Military Personnel Bervices
Office of the Assistant Secretary of Defense (Comptroller)

Washington, Department of Defense, 1970, 7 p.
poDI 7220.25,

This instruction prescribes the standard rates to be used in computing

costs of military personnel services as an elemunt of operating
expensen,

I. Purpose.

11, Cancellation,

111. Applicability,

IV, S8tandard Rates,

\ V. Elements of the Standard Rates: baalc pay; basic allowance for ;

' quartars} miscellaneous expense) incentive ard ernezial pay ]
(aircrew and submarine pay, other harardoun duty, physicians and
dentisls, rea and duty at certain locations, proficiency pay,
hostile fire pay)} retiremsnt entitlement accrual,

VI, Effective Date and Implemantation,

Enclogsure 1. Elements of the Annual Standard Rates -~ FY 1971,

St
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Statistical Cost Estimating Rnlationships « Some Bawsic lspues
(Adrcraft Examples)
Hatry, Harcy P,

Washington, Office of the Assistant Secretary of Defense (Bystemn
Analysin), 1968, 25 p.
TP 66.3, AD 659 321,

Thia paper discusses some of the basic issues of statistical cost
estimating relationshipe and describes briefly some of the recent
studies which have attempted to develop such CERs on aircraft programs.

1. Purpose,

11, The Major Characteristics of Statistical CER Techniquas.

111, The Cost Estimating Tank Addressed Here.

IV, Why CERa?

V. Major Problems in the Development of Stutistical CERs.

V1. fdpecific 08D Afrcraft Studies,

VIl, Summary of Advantages and Disadvantages of Etatistical CERs,
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Statistical Inference
Walker, Helen M. and Joseph Lev

New York, Holt, Rinehatt and Winston, 1953, 510 p.

1. 1Inferencee Based on Simple Experiments.
II, Probability Distributions.
111, Inferences Concerning Proportions.
1V, Chi-Square.
V. Populations and Samples on a Continucus Variable,
Vi. Sampling Distributions.
VII, Iuferences Goncerning the Mean or the Difference Between Two
Means.
VIIL, 1Inferences Conceruing Variances and Standard Deviations of
Normal Populations.
1X. Analysis of Variance.
X. Linear Repression and Correlation.
XI, Other Measures of Relationship.
XI1, The Btatistics of Measurement.
X111, Multiple Regression and Corraelation,
XIV. Analysis of Variance with Two or More Variables of Clamsification.
XV, Analysis of Covariance.
XV1. Percentiles,
XVI1, Transformation ot Scales.
XVIII. Non-Parametric Methods.
Appendix. Tables and Charts.
Glossary and Symbols,
Answers to Problems,
Index to Subject Matter.
Index of Authors.

s
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Ytatistical Manuali Methods of Making Experimental Infererces
Churchman, C.W,

Philadelphia, Pltman-Dunn Laborvatory, 1951, 214 p.

"This manual attempts to emphasize clarity in the method of applying
statistical tests, together with the loglc of their application, The
manual minimizes to the greatest possible extent the mathematfcal and
technical foundations of the methods; it presents only those terms
that are presumably essential in understanding the logic of statistical
mathods and the steps in thelr application.v

[ntroduction,

Glossary.

1. Some Standard Frocedures: test of a mean, variance kiown) test

of a mean, variance unknown; test equality of two means, variance
knownj test equality ol two means, variance unknownj test of equality
of means of palred differences; test ol equality of a set of meauns,
variance knownj test of equality of a set of means, variance
unknown} test of a simple variance; test of egquality of two
variances) test of equality of a set of variances; test of equality
of two probabilities; factorially designed experiments; test of
equa'ity of a set of means and varlances; test of correlation}
tests of normalityy test for erratic observations) test for
independencr of observations; test for proportion of a universe

in the tail,

II. Estimation: common point aestimates; confidence intervals;
eutimate of slope and intercept, both variables subject to errory
estimate of mean and variance for sensitiviry data,

111, Haquential Analysis: teast of a probability; test of equality

of two probabilities; test of a mean, variance kuown; test of a
variance.

IV. Simplified Procedures: statistical sign test} ranking tests for
differencen; test of runs of some property of the obmervationsj
test of differsnces among s set of universas,

Tables and Figures.
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Statlutical Mathods for Decisinn Making
Chance, William A,

Homewoott, Richard D, lrwin, 1969, 442 p.

This buok is intended to serve as an introduction to the wide range

of statistical mechods which are available to the modern decision
maker. This range includes the traditional statiastical methods

which have served so well for many years, as well as techniques of
Bayesian snalysis which have regained major impetus in the last decade.
Attention 18 also given to the category of statistical inference
commonly designeted as 'nonparametric statistics.!

1., Probability and Uncertainty: urcertainty and risk; probability
and uncertainty; basic properties of uncertainty; experiment,
sample space, events; rules for calculating probabilities)
conditional probability) rulos for counting; comparison of the
binomial and the hypergeometric distribution, probability and
experience.

11, Tests of Hypotheses, Part 11 flow diagram; the Wilcoxon test)
rule of information; the null hypotehsis and {ts alternatives)
logarithma,

111, Random Variables and Probsbility Distributions: esxpected values;
mean and variance; standard deviation) Tchebycheff's irequality;
graphs of discrete probability distributionsy the median and the
moda; cumplative probability distributions; skewness and kurtosis.

1V, The Binomial Distribution and the Normal Distribution: charace
teristics; tables; appropriateanassy the Bernoulli model;
approximating hypergeometric probabilities with binomial
prubahilitias; large samples; the standardiced normal distribu-
tion,

V. SHamples, Fraquency Distributions, and tampling Distributionm
populations and samples; purpose ot randomness) sample
statintice) finite and infinite populations,

VI, 'Tests of Hypotheses, Part 21 decision errors| students! t-

distribution; types of tersts,

VII., Estimation Procedures: regression and correlation analysisg
terminology and notationj the model} the scatter diagramjy the
regression equation; tha problem of prediction} the cosfficient
of detarmination; a test for tha significance of the relation.
Ihtpn

VII1. Fitting a Probability Distributlon to & Set of Data.

IX, 8Himulation, Monte Carlo Methods.

X. 8Some Elements of Statistical Decision Theory: datsrmination of
the costs amsociated with the stute of the process) determination
of the conditional costs resulting from the testing procedurs)
procedure fer minimising expected cost) Bayes' theorem; the vole
of sumple information,
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Appendin, Statistical Analysis and the Computer

Tablust selected values of Wilcoxonds dimtribution: binomial
distributionsy rreas under the normal curvej vandom digica)
eritical values of deant's t for specified degrees of freedom)
critical values of x,° for specified degrees of freadom; fourw
place logarithma; logarithms of factorials,

Index.
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Statistical Theory
Lindgren, H.W.

New York, MacMillan Uompany, 1962, 427 p.

This book expounds clearly and objectively some modern statistical
theory, together with the elements of the more classical theory of
statistics, in a mathematical setting that can be completed and
amplified at a later stage,

1. Probability Models: Mmmodel spaces; probability spaces; dependence
and independence.

11, Univariste Distributions: distribution of probability in the
space of values} wnpectationy moments and generating functions
some useful discrute mudels; continuous cases.

111, 8everal Random Variables: vibariate distributions; multi.

variate distributions.

IV, Hums of Random Varinbles: distetbution of a sunj distribution
of a sum of {ndapendent varialsles; )imit theorems.

V. 8tatistical Problems and Proceduress utility, lons and reprot:
the no~data decision problem; sampling) using data in decisfonsy
sufficient statistics) some properties of procoduresy sonotony
problems and precedures; sample wige and cori of sampling.

VI, BEatimgtiont uome propertias of estinatory, detevmination of

esttmutors.,

VIY. Testing Hypotheses: wsimple H, and Hyi comporite hypotheves)
paquential tests.

V1I1, Bome Dimtributicvn Theery: ovder statistics duvd related

distributiornn) dlstributions relaced to normal populations,

IX, SHome One-Sampling Froblema: goodnawa of fiti some special one-
paramater modela normal populations; a large-sample tesc for

the wean; locetfon aw wmeapured by the madiani randonrieas.

X, Cowmparimonsm: based on wample distribution Functions) large
samplo comparison ol eann) bexnoulli populations; cermal
populationn; nonparametyic comparieon af lecations.

Xi. Linear Modele and analyeis of vardance: rvageesasion) analysis of

variance; a generial 1'near mode),
References,

Appendin « Tabiwn,
Anpwers to Probhlems.
!ﬂdﬁxﬂ
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Btatisties in Cost Predivction Problems and Potential
Piccariello, Harry

Washington, Office nf the Ass!stant Recrstary of Defenne (Hystemn
Analysin), 1966, 10 p.
TP 6645, AD 659 322,

A discussion of the application of statintical techniques for
determining cost estimntes (pvedictors), in partfcular: a) why the
uue of statistics, b) problems nsscclated with their use, and ¢) asome
potisible approaches which avold the problems or may lead to a solutiun
of thenn problems,v

Introduction.

Why the Use of Statistive,

Problems: normal regresninn analysing separate eslimerion of
cumpuhants patiu,

Othur Appronches) historics) simulation; divect estimatton of total
ousts) selectlon of functional fovms.

Sumning p.
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Qtructuring Cost Effectiveness Analyses
Abert, Jaues G,

Logistices Review and Military Loglstics Journal, Vol. II, No. 7,
1966, pp. 19-34.

*The objective of this paper is to set forth in relatively simple
terms an analytical framework for structuring cost-effectiveness
studles and to poiunt out some of the pitfalls involved in framing
thase studies. The main emphasis is on the problem assoclated with
time phasing in the design of cost-effectiveness studies and the
evaluation of what are called, in the paper, time«phased cost and
affectiveness profiles.n

1, Introduction,
11, Types of Cost Etfectivensss Analysis: eyual costj equal
affactivenean; unequal coant/eflectiveness,
111, Evaluating the Economic Effects of Time-Phawved Costws.
fV. Discounting as a4 Means of Evaluating Alternative Resource
Allocationa,
Appandis, Thae Use of Discounting in Computing Program Costsy
Caleulating the Remource Impact uf Investment Expsnditures; Calcuw
lating the Impact of Oparating Cosls,

o S i
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tA Suggested Truatment of Time-NDistributed Expenditures in Defense
Systema Analysias®
Niskanen, W.A,

T A A A TR L T R ———

a Arlington, Institute for Defense Analyses (Economic and Political
1 Studies Division), 17 Ostober 1966, 17 p,
Internal Note N-J9¢(R). Lom No, IDA/HQ 66-5423,

| A paper presented at the 30th nutional meeting of the Operations
? Resevarch Soclety of America at Durham, North Carolina, on 17
October 1966,

This puper arvgues "that the maximisation conditions for either the
{ government or the economy suggest the uss of a consistent set of

3 rulss for the upgregation of costs for all systems analyses, These
rulas anply to the three primary problems of aggregating systems
costa: (a) selaction of the planning period, (b) estimation of the
3 value of resources at the beginniag and end of the planning period,
' and (¢) selactlon of ths vets of interest for present value

i computuations, In several cases, a roughly scourate rule<ofw-thumbd
is suggested aw & substitute for the conceptually precise rule.
Special awttantion is focused ¢nu the rationale for the use of

interast in sysatems snalyses and on the selection of the appropriste
rate,”

L Introdustion,

Presentation of the Basic Cost Estimates: £ixed; investment operutinug.
Selecting the Planning Period.

Ratimating the Reaiduml Values.

Selecting the Interest Rate,
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A Survey of Army Automated Cost Models
Curd, Paul and Ogden Allsbreok, Compilers

Washington, Department of the Army, 1968, 178 p.
AD 829 321,

This survey 18 designed to catalog and describe all cost :nodels which
are elther operational or under development for the benef it of personnel
in cost research and cost analysie.

Abstracts:

Regource and Capabilities Model {RECAP),

Modular Force Planning System (MFPS),

Gost Factoring System for Force Readiness Projection.

Selected Analysis of Intratheater Transportation Systems.

Revaluation of the Army Tactical Vehicie Program (REVAL - Wheels).

Individual System/Organizatinn Cost Madel (180C).

The Army Division Cost Mcdel.

Army Dapot Materiel Maintenance and Support Activities Cost Model.

Combat Vehicle Production Cost Model,

Forewon Cost Model,

Army Aviatien Cost Model,

Production Costs U3 Army Weapun Systems.

Army Alr Defense Weapon System Cost Model.

Army Alrcraft Flylng Hour Cost Model (AAFCOM).

The MICOM Cost Model.

Penetration Aids Cost Effectiveness Model.

Army Alrcraft Cost Model,

Tank, Anti-Tank, and Assault Weapons Study (TATAWS = Phase II,
Part 1)0 ‘

An Automated Cort Methodology and Data for the Small Arms Weupons
System (SAWS) Study.

Main Battle Tank 70 (MBT-70) Secondary Armament Study.

Analytical Estimation of System Cost Uncertainty.

A Model for the Determination of Intra-Theater Logiatic Support
Funding.

tGost Models for AAFSS, Phase 11,

Army Division Cost Model/TATAWS Modification.

A Bacic Cost Model for Amawnition,

The Role of Cost Effectiveness Iin the Preliminary Design of Vertical
Lift Military Aircrafe.

Cost Effectiveness Study of Heavy Lift Aerial Vehicles.

Model Descriptions:
Army Depot Materiel Maintenance and Support Actlvities Cost Madel.
The Army Division Cost Model.
Gombat Vehicle Production Cost Model,
Analytical Estimation of System Cost Uncertainty.
Selected Analysis of Intratheater Transportation Systems.
Army Alrcraf{t Cost Model.
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Survey 'of Use by Federal Agencies of the Discountlng Terhn&que in
Eval-ating Future Programs
The Comptroller General of the United States

Report to the Joint Ecnnomic Committee, Congress of the United
utates, 28 January 1968, 32 p.

®"The General Accounting Office has made a survey of the use by 22
selected Federal Agencles of the technique of discounting in making
evaluations cf future programs. The natureé of the discounting
technique is described in the background section of this report.

The survey was made pursuant to the Budget and Accounting Act, 1921
(31 U.S8.C. 53), and the Accounting and Auditing Act of 1950 (31 U.S.C.
67)., The survey was parformed in Washington, DG, and was complated

in December 1967 , . . . The survey was directed primarily toward
determining the extent to which the discounting techuique is presently
employed by Federal agencies and th( extent to which those agencles
not employing this technique plan to do so and towvard identifying the
diiscount rates currently in use by the agencles. We did not evaluate
the appropriateness of the agencies! stated policies and practices as
they were revealed to us, nelther did we examine into the actual
digecounting techniques and practices followed by the agendies or into
other policies and practiices used by them when evaluating Federal
programs,”

Latter to the Committee from the Comptroller General.
Introduction.

}Back around: explizit and implicit discount rates; effect of changes
in discount rates on benefit-cost rdatios; detﬁrminatian of Jdiscount
ratev '

Results of Survey: summary of agency practices; divergent agency
views; signlficance of differing practices.

Appendix I, Discount Rates used by Federal Agencies in the Annlysis
of Individual Programs in Fiscal Year 1969.

Appendix II. Federal Agencies Not Using Dlscounting in the Anal'sis
of Individual Programs in Fiscal Year 1969.

Appendix III. 1Illustration of Calculation of Total Cost to the
Government of Borrowed Funds.

Appandix IV. Illustrative Copy of a Request for Information Cemr~ncning
Discounting sent to Selected Agencies. ‘

Appendix V, Letter Dated 19 December 1967, to the Comptroller General

of the United States from the Chafrman of the Join: Fconomic Committee,
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System and Cost Effectiveness Manual for System Developers
Chop, Allen

Sunnyvale, Lookheed Misniles and Space Company, 1970, 269 p.
RADC-TR-69-358, AD 867 397.

Abgtract: "The manual deflnes and describes the system and cost

affactiveness management implementatior. proceas which will provide

both Alr Force and contructor management with the necessziy mission

responsive criterla, authoritative perspective, and vislbility for

critical system development decislous. 7Technical activities,

procedures, guidelines, and objectives for the efficient and meaning-

; ful formulation of affectiveiness criteria, and for the evaluation

! and assurance of affectiveness, are detailed on a step<by-step

: and time-phased, action basis for each of the systems management

g phases of concept formulation, contract definition, and acquisition,

‘ Further, the integration of the effectiveness implementation procedures

: with the system program management procedures and systems engineering
management procedures ls outlined for each major effectivenese
activity and polarieed with information flow networks.t Air Force

oriented. \

R et

I. Introduction: general} purpose of manual; use of menual)
abbreviation and definition of terms used,

I1, Implementation Overview of the Lystam and Cost Elfectivajess
Technnloyy: general; integrated system and cost effectivenasn
and systems management notworks; system and cost affectiveness
Measures,

I1l., System and Coast«Effectiveness Implementation for Concept

Formulation Phase: general; mission analysis; apecifying
"~ preliminary figures of merit| performance requirements analysis;
opsrational requirements analysis; effactiveness parameter
sclection) wnodel structuring; system and cost effectivenass )
analysis; report. ‘ §
IV, Syatem and Cost Effectiveness Implementation for Contract
‘ Definition Phuse:r general: effectiveness analysin refinement) 3
apportionment anrlysis} effectiveness progress monitoring and f

3 demonstration planning; report.

q V., System and Cowt Effectiveness Implementation for Acquisition
Phase: general) detall effectiveness analysis; effectiveness :
progress monitoring uemonstration; final report,

VI. Syutem and Jost Effectiveness Technical Managsment: general;
Alr Force management; contractnr nanagement.

VII. Application Guidelinea for Specific Major Classes of Air Force

Systems.
Appendix A, Example of Implementation Procedures.
Appendix B, Synthesis and Analysis Mathods for Determining Transter
Functione, Ou:puts, and Inpuia.
Appendix C. Combination of Senaitivity Functions.
Appendix D. Apportionment Procedures.
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System and Total Force Cost Analysis
Novick, David

Santa Monica, The Rend Corporation, 1961, 14l p.
Rand Mamorandut RM-2695.PR.

Sumnary: "This memorandum describes the aims, convepts, and methods

of militecy cost analysis as developed by the Coat Analyei. Department
of the Rand Corporation. 1t 1s coucerned basically with tihe estimation
of costa for proposed milirary activitieg gso that informed cholces can
be made among them,®

1. Aims and Concepts of Analysis,

11, Cost Analysis of ladividual Syatems: investment rogts (installa-
tions, equipment, stocks, initial traintng, wilscellaneoun invaest.
ment )i operation costs (equipment aud installations veplacement
maintenance) txaining; pay and allowancen; fuels, lubvizants,
and propellants; services and mlscellanecus) intermediate and
support major command operations); Rab costs (aystem developmant,
systam test and avaluatiou, ovther system R&D coats),

T Gost Aualysly of Toral Forece Htruclures: force cowmposiitor and
aiscumptionsy Incremental costing and long-term prograsming; costy
an expenditures and ag program raquirementsy missfon and other
lowar «level cost unelysesn) sensitivity, timeliness, and claritv,
cost categories reconnldered (Luvestments, oparatiune, R&N)}
electrnnic data processing; sumtaiy,

1V, Cost Henaltivity Analysin: exemplen; uvves and advaptanen,

V., Presentation of Rewsults.

Appendix. Analysls of Manpower Requivemeuts.

Bibliography,
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A Systam for Development of Mathematical Models
Hendricks, J.W,

San Francieco, US MNaval Hadiologtcal Defense Laboratory, 196«. 33 p.
USNRDL-TR«749.,  AD 602 733,

Abstract: “This paper presents a general quantitative system for
sasociation ot thaory and observation, The system, in formulation
and pregentation, 18 dirvected t.oward the nseds of the user investigatar.
It is well organisad for vae with automatic machines in the computing
and information processing. A wultivariate discribution approach to
modal conmtruction {8 unod fn ascounting for wrrors and other wources
of variation, As usual, hypothesised mathematical descriptions are
modified in wccordance with the obaervatiorial data. The requirement
of u state of contro) is regarded as fundamental, The quention of
wifdentitiability (u given promingant nonaideration; and in this
connestlon, tha general neceseity of calibration is established and
amphanixed. ‘“he principle of maximum ltkelihood 1a suggested am the
moat ucceptable ranking eriterion for the systen; but modificationas
or declalonethesrutis axtensions are not precluded, In short, the
ovdinary restrictive conditions are not imposed in this systam,

The fundamental ideas ave discursed within the contextual Framework
of the systen. The genaral principles for applying the system are
presentad snd discussed, ‘The most important classes of models ave
dealt with mathematically in Jetail."

Abstracts,

Desewiptora.

Summery,

Introduction,

The Basic Pringciple of the Syaten,

Assoctlation of Theery and Obrevvation,

Deslgnutilon of the Phonomenon Dercribed by the Model,

Distvibutions May Remult from either Random or Systematic Helection.

Mathematica) Theory and Discussion: ivdtial hypotheses; the ervor
transforwation suxface density functions; voncordant hypothemses)
avuilable techniques; purposeful discributionns,

Made) Typesr aimple measurement with ervory al! objact variabies
distributewd) strvuctural relationshipy; regrees’on on observable
varishles; dincrete distribution; constrained distributions)
varitorm or discontinuous models; other type models.

Problems in Computation,

Unidantifiability,

Interpratation of Resaults: wurface of wnidentifiabilicy; calibration)
coasiderations in ranking modelu; state of control.

voncluding Remacks.

Rafny sncas,
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System/Cost Effectiveneas Notelook
Harkina, James A. and Paul 0. Shemanski

Griffiss Alr Force Base, Rome Alr Davelopment Center, 1969, 2 Volimes,
663 p. RADC.TR«68-332, AD 854 651 and AD B854 652,

Abstract: "This notebook describes techniques by which the cost and
nflectiveness of modern~day weapon sysvems may be evaluated., 1t is
the purpose of the notebook to present current state-of-the-art of
system/cost effertiveness, to dJdevelop proper foundostions for system/
cost, effectiveness concepts and to meke recommenuatlons pectiunent

tu the future technological needs of the effertiveneas digcipline,
The techntques of fered are based va tue rosults of general syudies
in the areas of technical, cort and management disciplines., These
studies nre now completad. Ths basivc foundations for systuem/cost
eltecltiveness analyges have been established, validity aud practica-
bility proven and overall faasivility Jdemonstrated. As new and

improvad methode are developed aud refined, the notebook will be
updated.®

1. Introduction,

11, Hystems Analysist role; objectives, methodologys models; costsg
typest arfterdag rigk and uncertaiatyy ltimttations and cauticas,

111, MHanagemeat and the Acquisition Process: phasesy organieation;
planning) programmingi budgeting) procurenent planning and
implamentation; reporting and control,

IV, System Effuctivencas fnalyrlst atepsy special toples.

V. The Avallability AtLribute: {actorsy computer programs; logistics

models; data resource and information.

V1. The Depundability Attributer rvepalr of failed equipment
transition matrixy computer programs; device lavel programe)
aystom lavel programi.

Vil, The Capability Attribute: transafer function) capability

vationale) computev programa,

VIlil. Cost Analyslusr ccsb as a parameter| syatem costing.

In, System Effectivenesn Management: moritoring wystem effectiveneusy
definition; solectian, contract definition) engineuring develup-
ment ) production) orevat lons,

X. Toptes fu Avadyudsr  deciaton modela; riak and uncertainty)

utilicy-valuot optimisation; allocatlon,

X1, Mathematics of Ans'yuis: probabilityt avatistice; analysls of
varitanco) design ol expevimentsi watvin algebra) calevlus of
variatiosy difference equationsy alternative methodeloglan,

Xitl, Toechniques in Analysisr  nathemat lea) programming) queuing
Ltheoryy game Lheory; veplacement theory; tnventery thaoryy graph
Lhaory,

Appendix A, Applirable Mathenatical Techniques,

Appendin B Uloassry of Defioitlonw,

Appendin Uy Wibllography,
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Systems Analysis: a Computer Approach to Decision Models
McMillan, Claude and Richard F, Gonealee

Homewood (Illinoig), Richard D, Irwin, 1968, 520 p.

A computer and business oriented text, bui showing adaptations of
techniques to computers, using FORTRAN,

1. Systems and Modela: syatem classification, systems analysis;

nmodels.

11, Eimuiation: definicion) why systems stimulation?j mathodology

simulution and decision making,

1il, 1Introduction to Programming.

TV, Value Analysia and Iterative Processes: difference equatiunsy
prasent value; annuities; chain of wachine problem and optimum
usatul 1ite,

V. The Inventory Bystem under Certainty.

Vi, Probability Concepta: probabiliLy; aevents; random variables;
Markov Chain processes) random numbars,

V11, ‘the lnventory 8System under Uncertainty « Discrete Distribution.

VIIl, tThe lnventory System under 'lncertainty - Continuoun
Distributions,

1X: Binomial and Polsson Processezr: binomial} poilssony ney "t:ve
oxponential distribution; yamma distribution,

X, Basgic Quauing Concepts,

X1. Procecs Generator.

XI11., 8imuletion of Queuing Syastems,

X111, Hanagement Planning Modela: the moving average; exponantial
smoothing; impu'se response; stap response; tracking slgnaly
doudle amoothing.

X1V, Matrix Methods: fnput cutput analystsa) matris {nverter) parts

raquirementy linear programming.

XV, Large-8cale Simulation Models and Mathodologlew,

XVi. 1ndustrial Dynamics,

XVII. A Study In "Total?” Systems HSimulation,

XVIII, [Experimentation.

Appendin A, Tablewr present values) approximation of the fivat
integral of the atandard normal denaity functic .} approxtmation of
the second integrul of wame; areas of the etandard normal distribution,

Appendix B,  Expected Stock-out during Lead Tima; A Polynomial
Approximation of Cumulutive probabilicies of the Standard Normal
Probability Denuity Punct lon,

Appsndin O, HMatrix Operations.

1ndex,

147

TG e R A i e L e bbb b i AN b o s el I N it




1]

Bystems Analysis and Uvst Effectivensss
Letters from the DEfice of the Adjutant Geveral

Washington, Department of the Army, 1964, 98 p,
AD 450 41},

"Thia letter I8 intended to provide to all Army agencles guidance and’
information on the subjects of systems analysis and cost effectiveness,
These procedures and techniques, 1f properly and thoughtfully used,

can materially ausiat the decision maker,"

1. Systewrs Analysis ag a Part ol the Total Management "rocess.

11, Systems Analysis - An Informal Summary,

111, Some Thoughts on Cost Effectiveness from the Army Viewpoint.

IV, An Example of a Cost-Effectivenass Analysils - The Analystia
Thoughts,

V., Summary of a Recent Military Operations Research Symposium,

V1, Operations Analysis in the Department of Defense.

VI, Limited Wearfare: Bome Possibilitles and Pitfalls.

VIll, Systemn Analysis and Decision Making.

IX, Costing Strategy.

X. Coat/Effectivencss - Tool oy Club?

148

AR e i g st o s

CEVERRIE e siaa il bl




s =<c Ty R S B R SRS T e YT Y P e T

Syatems Analysls and Policy Planning: Applications in Defense
Quade, E.B., and W,1I, Boucher, editors.

Santa Monica, The Rand Corporation, 1968, 456 p.
Rand Ho. R-439.PH (Abridged). AD 635 765,

Prepared for the United States Alr Force Project Rand, this volume
Hattempts to demonstrate that systems analysis can eond does provide
knowledge that decision-makers need; that it can serve to sharpen

P intuitiony that 1ty usefulnesc {s not limited solely to questions of

ﬁ policy and plauning that can be quantified; and, most fmportant, that
: whatever its weaknesses, it produces more fruitful results, of far

b preater consequence and reliability, than any of its alternatives. It
_ 18 intended more as a suphisticated guide tuv users of analysins than as
a mianuval for those to prepare such material."

: 1. Introduction: definition; origins; types; essence; elemant s

4 current status,

, 11. An Introductory Example of Systems Analysls (M.G. Weiner),

1 111, Principles and Procedures of Systems Analysis (E.3, Quade):

assence; alternatives; process (formulation, search, evaluation,

E {nterprecation),

’ IV, Criteria and the Measurement uof Etfectivenaess (L.D., Attawav):
elementa; three examples (overspeci{ication of cyiteria,

ﬁ masimining effectivenesn/cost, dominauce, ifntercaptors, scale of

ef fectiveness, suboptimization, aggrsgation, criteria).

3 V. Uncertainty (Albert Madansgky): probabilities; utilicies: models

‘ treatment (time, information, flexilhility, & fortiori analysis,

sensltdivity analyuls),

VY, Tachnological Constderatinng (H. Rosweneweip): types of decisionsy
teshnical foantbility; selection of beat technical approach)
comparison with compating systems.

V1l. Renotrce Analysin (G.H, Fisher): dofinttions and conceptsy

context (tima horigon, type of dectsion, scope of he problem),

VI1l., Cost-Sennitlvity Analysisr Au Example (P,L, Patruachell).

IX. The B=M: a Hypothatical Bomber Cost Study (W.E. Moosz),

X. Tho Nature of Models (R.D, Bpacht): dusign and use; types.

X1, Mathemaiical Models of Conflict (Melvin Dresher): game theory.

X11, Stmulation (Novman €. Dalkey)r basics; cholce of techriques,
prom and cons,

CILh,  SAMHBOM: a logistice Simulation (Chauncey F. Ball),

ALV, Gaming (MG, Welner): types, requiveminta; haracterimticu;

conditionay phaveny exampleow.

XV, The Analyuis of Force Policy and Posture Intevactlons (Roger
Lavien)i vole of analysia) the HAFK game,

XVI, Hcenavios o HSyucems Analysis (Hayom Brown).

XVI1. UH Space Pollcyr an Example of Volitlcal Analysis (Alton Frye).

XVill, When Quantiicative Models are Inadequate (K.8, Quade): role of

Judgnent utillzing experts (contextual map, opsrational game,
Dolptl technique),
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KIX, Pitfalls and Limitations (E.8, Quade): comnon fallacles,
limitations,

XX. The Changing Environment for Systems Analysis (James R, Schlesinger).

XXI. 'The Trade-Off Stucy Revisited (L.H. Wegner).

XX11. By Way of Summary: precepts for the analysti principles of good
analysis; the decislon-maker; dangers of analysis; luture of
analysis.

Selacted RNibliography,

Bibliographic Nota,

Index,
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Systems Analysis for Effective Planning: Principles and Caned
Rudwick, Bernavd M,

New York, John Wiley & Sonas, 1969, 469 p.

; Although much has been written on the philosophical and invellectual

{ level regarding the naed for aystems analysis or cost-elfectiveness

§ analysis as part of the systems planniing process, there hay been a

i lack of unclassifieod methodologicoal material which stowed explicitly

! how to atta:k complex, unstructured problems lnvorvitg cholce smang

j system alternatives, This ook 15 about the applization of systematic,

] quantitative methods and techniques to the task of planning.n  Part 1t
: systems plarning and the decision.miking preccess (chaptere 1.3)

Fart 2: [foundations of syutemr analys’s (choole¢r 4)) Part 3: an
flluetrative exampler migsion oriented syscens snalydis (chapters 5-8),
Part 4r princliples of reczource analywis (chapter 9); Part 5
subsyatems planning (chopters VCo13) Tart 63 the role of analysls in
vourcn selactdou tehavters 14, 1% Pave 7+ corclusions (chapter 16).

1. Introductiun und Overview,

11, The Work Procea.v fer Systems Plaoning: background; the work
process; vegulred ekillsr suwemary,

110, Systems Analysdn as Part of the Management Process: uystems
slanning -~nd budgering in DOD} the improved DOD nanagement

3 information system,

! e Devaloping the Systemn Analysis Procodure:r basic terminologyl
factors involved) objectives; intereselationship of modelu; coat

' model; criteria fov aystem aselection,

b V. The Stvategic Force Manning Case:r Qualitative Aspectws,

VI, Daveloping Quantita:ive Relattonships.

VIl. Model Exercise,

VIT11. Coping with t'ncartaiutien,

1X., Resourcve Avalyalis~t  problame fnvolved {n estimating costs of
coquived rvsourcedy wnits of cortw) development of key priuciples
of coal analynlap coping with uncaertalaty; costing) CHRRaj cost
nenRitivity analyats,

KA. Hyrtem Salectiont Helmet Cane.

G

5
X1, Sceinlying an Uncertain bDumand:  Hpare Farte Managemort Plunning E
Cave Vetormining the Gupacity ol a Avidge. 3

it The Totormatlon Byatem. Planning:  The Strategle Force Manugement !
Hyatam Case, E

Xitl,  Lurvaayaeam Tradooffsar Guidance and Control System Helection i
Lavwa, r

X1V, Deadting with Job Uncertalaties:r Beactronic Data Processing i
Jyatosn Relavtion Gane. E

WY, baa lipng with Develupment Uncartaint las, !

XV Coneluding Remario,
Apperadl« 1y Notew on Probability and Statintics,
Appanaiy 2, Kollree Betactlon)  Evaluatilon Criteria to be Bmployed,
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Th# Rystems Approach and Public Policy
Quld‘. E,8B.

Santa Monica, The Rund Corporetion, 1969, 29 p.
Rand Ne. P-4083. AD 685 126.

At cwsay on the necd for enlavging the concept of what conmtilutes
acceptable analyeis Aand sueking ways to adapt it to a new decision.
making environment, and the need for public officlals ta provide
scatus and supnort for the sjystems approach,

The Nature of the Systems Approach.

Au Bnlarged Concept of Model.

Adaptacion of the Maiysis to the Environment,
Anulysis must Le Glven Recognition,

A Btong Analytic Capability Must be Supperted.
In Conclusion,

Raterancen,
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Systems Effectiveness
fyatems Effectiveness Branch

Washington, Office of Naval Material, 1965, 165 p.

A collection of papers reflecting the attitude and philosophy of the
Chief of Naval Material towards various aspects of systems effective-
nasg., "It alao provides a discussion cf the planning, design and
cost considarations In system davelopmant, as waell ag some techniques
pow being utilized iu order to renlize the development of effective
systems,"

Puture Navy Weapunn and Support Systems (VADM W.A. Schoech).

Analytical Technidqiues in System Design (Leroy Posen).

Reliabflity and Maintainability Considerations in Syatem Deaign
(Paul J. Giordano).

Engineering Integration Ln System Design (William D. Roha).

Planning Integration in System Designh (LCDR Gordon H. Jayne).

Colt VTactore in System Design {John W. Stone).

Mot Parametars in System Support (CDK Keith N. dargent).

The Kay to Development Pay-Off (RADM E,A. Ruckuer).

Systam E€fectiveness Assurance Munagement (Dr, Leslie W, Ball).

Systems Effectiveness « A Tool for Appraisal (UDR Keith N, Sargent).

Systems Effectiveness - Navy TDR Keith N, Sargent).
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Techniques of Systems Analysis
Kahn, Herman and Irwin Mann

Santa Monica, The Rand Corporation, 1957, 16l p,
Rand Memorandum RM-1629.1, Al 133 012,

Preliminary draft of Part 1 of a book (Military Planning in an Uncertain
World), this memorandum includes the first five chapters and covers
some of the contributions that systems analysis and operations research
can make to millitary planning,

Introduction.

The Problem: dasgipgn of the offense; probabilistic considerations; design
of the defense; the two-sided war,

1. Designing vhe Offense: wodels; area defense mudals; local defense
model; sirfield model; tacties} specializing and simplifying the model;
expected-value models; nemerical calculation of an allocation; insen-
sitivity by design; optimal allocation and performance; the central
problem; elementaxy economics,

11, Probabilistiec Considerations: qualitstive dlscusdion of accuracy; ptro-
babilistlc wodel; the monte carleo technique; simulating the Area defense:
the monte carlo calculation; analysis of a fixed budget; results of
probabilistie caleulations; deforred decisicon operation; modelism; pro-
bahilistic objectives; deterrence ve, win the warj requirements for
these objectives; sample calculation; performance under detervence objec-
tive; performance under other objectives; high and low confidence nea-
sures; expected-value vs, probabilistic cdlculationa,

I1T. Designing the Defense: bias for the offense; goneral considerations;
the parametric defense model; optimal allocation of a fixed budget;
maximfzing procedures in general; contingency planning; uncertainty
1~ objectives; uncertainty in costs; context uncertainties; some inpor-
tant contingeadies (magnitude and type of attack; degradation of our
performance; variation in enemy's performance; chance factora; stratepic
and political changes; technological progress); sinulating different
contingerncies; non-contingency planning; contingency analydis; cuntinpency
design; soft npots and time phasing.

IV, The Two-Sided War: asymmetrics (technological skill; military skill;
allies; geography; resources; intelligence); cblectives - two kinde of
deterrence; both sides with fixed military hudgets; the approximations;
the tvo-.sided calculation,

V. Evaluation and Criticism: analysis omits (research, development, procurement,
operations; scale and detail; mixed forces; unconventional tactics: time
phasing; re-examination stage; unsettled questions; convincing compayi-
son of alternatives).

Appendix 1, Graphs of Partial Sums of the Binomial Distribution.

Appendix 2, The Mathematical Mudel,

Appendix 3, Sumriary of Ideas.
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Ten Common Pitfalls !
Kahn, Herman and Irwin Mann

' Santa Monica,yThe Rand Corporation, 1957, 55 p.
Rand Memorandum RM-1937.

; A preliminary draft of a repott to be included %n a book (Military Plauning !
i in an Uncertain World), this memoirandum identifles and discusses some of
the common mistakes made in operations and systems analyses.

j Introduction,
| 1. Modelisni. ‘
4 I1. Statistical Uncertainty.
117. Real Uncertainty, \

\ 1IV. Fnemy Reaction.
l - V. Over-Concentration,
V1. Phasing, -
3 Vi1, Over-Ambition, | \

\ VIII, Fanaticiam,

! 1X. Hermitism,

x- Butcho
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Theory of Games and Economic Behaviov
Von Neumann, John and Oskar Morgenstern

Princeton, Princeton University Press, 1953, 641 p.

I. Pormulation of the Economic Problem: the mathematical method in
economics; qualitative discussion of the problem of rational
behavior; the notion of utilityy atructure of the theury.

11. General Formal Description of Camss of Strategy: Introductiong
the simplified concept of a game; the complete concept of a
gamej sets and partitions; the set«thecretical description of
a game; axiomatic formulation; strategles and the final
simplification of the description of a game.

111, Z2ero-8um Two-Person Games - Theory: preliminary survey)

functional calculus; strictly determined games; games with

perfect information; linesrity and convexity; mixed strategies «
the solution for all games,

1V, Zero-Sum Two-Person Games - Examples. :

V. Zero«Sum Three-Peraon Games: preliminary survey} the simple
majority game of three persons; the general casej discussion of
an objection. '

VI, Formulation of the General Theory - ZeroeSum n«Person Cames:

the characteristic function; construction of a game with a given ;
characteristic functioni strategic equivalence, inessential and '
ensential games; groups, symmetry and fairness) the exact form
of the general definitiong; first consequences; determination of
all solutions of the essential zero-sum three-person game.

VII. Zero-Sum Four~Parson Games: discussion of some special points
in the cube Q; discussion of the main diagonals; the center and
its environs; a family of solutions for a neighborhood of the
center. i

VIIL. Some Remarks Concerning n = b5 participants: the number of |

parameters in varlous classes of games; the symmetric five
person game,

IX. Composition and Decomposition of Games: modification of the
theory; the decomposition partition; decomposable games;

limitations of the excess; determination of all solutions of a
decomposable game; the essential three-person game in the new
theory.

X. Simple Games: winning and losing coalitinhs and games where they
occur; characterlzation; majority games; methods for enumeration;

simple games for small n; determination of all solutions in
guitnble games.

X1. CGeneral Non-Zero-Sum Games: extension of the theoryy the
characteristic function and related topics; interpretation of
the characteristic fuuction; the solutions of nll general games \
with n = 3; economic interpretation of the resnlts for n = 1, 2;
eccnomic interprotation of the results for n = 3} economic
interpretation of the results for n = 33 the general market.

ALtk i
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X11. Extension of the Goncepts of Dominat{or and Solution} the

extenaion, special casesj peneralivation of the concept of
utility; discussion of an example,

Apvendix, Tha Aviomatic Treatment of Utility.

Index of Figures.

Index of Namar,

Index of Subjects.
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The Use of Classical Btatistica in Deriving and Evaluating CERa
Graver, Charles

Washington, O0ffice of the Assistant Secretary of Defense (S8ystems
Analyslis), 1966, 34 p.
TP 66.8. AD 659 1323,

A discussion of vsome of the commonly used statistics and the
differences between common interval estimates® and of the “applica-
bility of the usual interpretation of these statistivs and interval
estimates in cost analysis and of the possible meaninge that =might

be attached to them even Lf statistical assumptions are not fully
satisfled.t Specific topicat (1) assumptions of the multiple linear
regression model and hew well they are fulfilled in the cost analysis
application; (2) least-squares estimators as "best" estimators;

(3) properties of some commonly used statistics from a geomet:ical
point of view; (4) differences in commonly used {nterval estimetas.

Introduction,

Tha Musdal.

The Selection of u Criterion of "'Baesth,
Commonly Used Statistics,

Interval Getimates,

GConclunion,
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The Utiligation of Military Resources
Smith, T, Arthur and Ogden O, Allubrook

Washinglon, Department of che Army, 1967, 243 p,
AD 824 660,

The purpose of this book {8 “to promote access to information
generated at Department of the Army and at Army installations
everywhere ., . . . Take ncote especially of the two categorties into
which these articles might fall, These ar» the categuries of 1dea
and action, Although the geparation of one from another cannot
alwayn be based on the criterion of tin the present! or 'in the
future,! this separation should be uyuful as a first, personnel
orfentat{ion in the Armv cost ressarch program,t

Introduction (f. Avthur Swith & Ogden 0. Allabyook).

The Utilimation of Military Resources (T. Arthur Smith).

Atmy Oparating Costs (Saul Hoch),

Tha Resource Mansgemunt Systsm and Operating Cost Data (John Wallace).

The Army Cost Handbook (Donald Gillies).

The Impact of Electronic Maintanance tosts un Life Cycle Costa (Joseph
L. Townsend & Amelie C. Yetman),

Analysis of Combat Vahicle Opaerating and Maintenance Costs (Anne Rhoder
& William T, Towlea),

Army Equipment Operntions Costs (Jolin 0'Flaherty & Richard OfRorke).

United States Army Field Opersting Cont Agency (Leslie R. Bears, Jr,),

Alrmobile and Infantry Division Cest of Oporations in Vietnam
(Joseph W, Noah).

Griteria, Analysis, and Teclmiques For Estimation of Operating and
Maintenance Resources (Jolm G, Phillipa),

The Army Division Cost Model (Paul Cuxd),

The Military Manpower Gost Modal (Sidney Kaplan).

Military Personnel Program and Budget Costing (George H, Ensley),

Fhe Couats of Avmy Teatning (Donald N, Strvepe),
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Weapon/Bupport Systems Cost Categories and Elementh
Headquarters, Depaxtment of the Army

Washington, Department of thae Army, 1968, 20 p.
{ AR 37*180

; This regulation astablishes a set of cost categories and elements to
: be used by weapon/support systems' cost analysis activities of the
Department of the Army staff agencies and commands.

1. Purpose.

1T, Objective.

111, References.

1V, Definitionn.

V. General,

VI, Programminz, Budgeting, and Accounting Systems.
VII. Punctionsl Work Areas.

3 VIIl. Exceptions.

X IX. Weapon/Support Systems Cost Categories and Elements,
' X. Cost Elem&it Definiiiona,

Appéndix, Wotk Braakdown Structure.
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Weapon Bystem Cost Analysis
Fisher, G.H,

Santa Monica, The Rend Corporat.on, 1956, 20 p.
Rand Ne, 9-823,

SRR e DI

I, 1latroduction.

: 11. Eatimuting Weapon System Cost: the total activity cost concept}
; distinctlon hetween investment and annual operating coast;

; iocremental investment costingp time phasing of expenditures;

: system cost components| consistency in costing method,

3 111, Applieation to Long Range Military Planning.

g Appendix, Figures,
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Weapon S8yatem Cost Methodology
Novick, David

Santa M.  ica, Tle Rand Corporation, 1956, 52 p.
Rﬂ"d No. R-287.

Summary: "A method is described for estimating the costs of existing
and hypothetical weapcn rystems of the United States Afr Force. 1t is
intended to be a quick and flexible means of establishing approximate
resource and coust requirements, and it provides a bagis for evaluating
Alternative systems In terms of both cost of s given capability and
capability obtainable fur a fixed cost. The method is alse useful for
military planning, programming, and budgeting activit{es.!

Summary.

1. Introduction: weapon system cost analysis; the role of cost

estimates in pystems analysisg,

11, HNand Tachniques for Computing Alr Force Weapon System Costs!
vbiectives (identifying system cosl elaments; accumulating total
cout| the distinction between investment and annual opovating
expenditures)) premant application,

1{1. Description of Rand Methodelogy: investment cost categories
(lnstallationn, equipment, stocks, trauvsportation, personnel,
{overmediate command rost and support major comnand cost);
annual operating cost categories (iustallations maintenancey
equipment - annual replacement; trangportationy persmnel;
maintenance) patroleum, otil, and lubricants; services and
miecellanesusy intermediate command costy support major comnand
coat).

Appendix, Worksheets: manpower requirements sumnaty; installitionsj
primary mission equipment summary) organisational equipment suwmary)
atocks ~ initial stonk level; stocks - readiness roserve; stocks e
aivcraft spares and spare partms) transports fon) personnel training
personnel pay and allowances) peraonnel travel; maintenance - mission
aircraft; maintenance - support alrcraft) POL - misalon aircrale;
POL - support alrcrafy; POL - miscellanecus) services and 'alse
cellaneous) intermudiste commands; support major command cost,

Refarences.
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The Weapons Acquisition Process: An Economic Analysis
Peck, Merton J.; Frederic M. Scherer

Boston, Harvard University Graduate School of Business Administration,
1962, 736 p.

Government/business relationships of weapons acquisition activities
and their effects of quality, time, cost, and value outcomes of
weapons programs. Research based on case histories of 12 weapon
system developments. Part l: the nature of the process (chapters
1-3); Part 2: the structure and dynamics of the weapons industry
(chapters 4-7); Part 3: the execution of weapons program (chapters
8-20).

I. Introduction.

I1. The Unique Environment of Uncertainty in Weapons Acquisition:
the predictability of time, quality, and cost; internal
uncertainties and technological character; external uncertainties;
risk, lead time, and project cost.

I1I. The Nonmarket Character of the Weapons Acquisition Process.

IV. The Covernment as Buyer.

V. The American Weapons Makers: over-all statistics; categories;
small businesses as prime contractors; interbusiness transactions.

VI. The Factors of Production: importarice; supply of capital and
facilities; supply of technical personnel; economies of scale.

VII. Entry into and Exit from the Weapons Industry: record; barriers;

incentives.
VIII. Innovation and the Choice of Weapons: program decision,
innovation, institutional framework.

IX. The Structure of Weapon System Program Decisions: basic elements;
possibilities of choice; prgcblem of choice.

X. Buyer Preferences in Weapons Programs.

XI. Uncertainty and Time in Program Decisions.

XII1. Competition for Weapons Program Participation.

XIII. The Criteria for Contractor Selection.

XIV. The Selection of Subcontractors.

XV. Contractor Effcrts in the Competition for New Programs.

XVI. The Conduct of Weapons Development Programs: time, quality,

and cost effectiveness; time, cost, and quality variances.
XVII. The Optimal Conduct of Weapons Programs: end product; R&D
approach; allocation of contractor talent.

XVIII. The Efficient Conduct of Weapons Programs.

XIX. The Evaluation of Weapons Program Performance.

XX. TIn Conclusion.

Appendix 5. Statistical Appendix.

Appendix 7. Small Business in Weapons Research and Development

Appendix 9A. The Construction of Military Value Functions.

Appendix 9B. Numerical Data - Defender Nation Assumption.
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Appeandia 12, Datx on thes 99 Programs,
Appendin 19, Techoival Notus on the Bvaluation Enperiment,

1 Apperidix 198, The Program Evaluakion Expariment Questionnalr,
| Selected Bibliography.
: Index,
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] What is Redource Analysia? §
Fisher, 3.4, ;
il f
! Srnta Monica, The Rand Covporation, 1963, 14 p,

Rend No. P-2688. AD 274 994,

Vel

3 1. Introduction.

! 1Y, Context: time hovison; declision contexty scope of the problem,
\ 101, 1Inpact of Context on Concepts, Methods and Techniquen Used in
( Resource Analyafs.

§ 1V,  Sumnary Remurks.

;

i

SRS

fi

|
§
{
;

PRI R TR PRI RN Dinird et bl nlShe it e w2 L O b A ML RIN 19 0 i A8 AN B astab el Sl (R £ 6 NRUA N




o

INDEX

CEES 64, 6, 19, 24, 25, 27, 23, 34, 35, 39, 41, 42, 4%, 52, 33, 54,
59, 64, 66, 75, 81, 9u, 91, 49, 100, 129, 132, 160, 166, 173, 178,
190, 194

Computers 2, 3, #, 14, 22, 24, 30, 3%, 40, 41, 46, 67, 82, 95, 96,
97, 114, 117, 120, 122, 133, 134, 157, 16/, 176, 184, 186, 187

Covrelation Analyass 21, 43, 64, &, 174, 176

Gost/Bffectivenass 6, 7, 12, 23, 28, 29, 30, 31, 32, 33, 36, .9,
)40. A1g “3' ‘Q'B. M), 5{), 57' 6“. 65, 67. 69. 70. 72| 74. BU, «32,
83, 0Ny, 90, 93, 98, 103, tﬂh, 109, 122, 123, 124, 127, 13u, 131,
136, 139, 14%¢, iné, 148, 149, 150, 132, 13, 184, 155, 137, 102,
164, 165, 166, 167, 179, 183, 184, 188, 189, 191, 192, 193, 200,
3la, 77a

Cost Elements 2, 5, 13, 15, 18, 19, 20, 23, 23, 34, 35, 37, 51, 53,
88, 91, 92, 94, 99, 104, 108, 115, 171, 129, 149, 152, 176, 184,
192, 193, 196, 197, 198, %a

Critoria 2, 9, 33, 4B, 50, 64, 77, 78, 80, @9, 103, 104, 126, 128,
132, 150, 132, 155, 10¢, 188, 190, 194

helphi 30, 43, 59, 64, 03, 189

Dynamic Progranming VY, 8, 60, 61, 62, 63, 90, 110, 113, 117, 143,
Lht, 1%, 161, 169

Games 2, 17, 64, 85, 86, 90, 101, 110, 111, 113, 114, 115, 117, 122,
66, 189, 19. S4a

Iniirtion 43, 49, 68, 71, 75, 94, 123
Learning Curve 23, 34, 39, 40, 42, 46, 99, 100, 103, 106, 152, 171

Linear Progratuming 1, 2, 8, 44, 54, 64, 90, 97, 101, 110, )11, ilz,
113, 1i4, 115, t16, 117, 132, 138, léh. 136, 161

Marginal Considerations 10, 59, 64, 104, 114, 116
Markov &, 60, %0, 120, 187
Matrix 21, 104, )11, 116, 134, 186, 187

201 Praceding page biank




Bgv-""-rﬁrwﬂ'w T TR e v e Py TS Sy e
¥

o s remrneRdE
3
£
by
¥
!
Models l” 2’ “’ 5' 6, 10, 11’ 150 19. 270 331 35, 36' 39' 40. 41) "3:; ;
42, 43, 33, b4, 65, 66, 76, 77, 82, 83, 84, 87, 89, 90, 95, 96,
97, 101, 102, 1C3, 104, 105, 107, 109, 114, 117, 122, 126, 128, 130,
132, 134, 150, 152, 154, 159, 167, 177, 181, 183, 185, 186, 187,
189, 190, 191, 194, 195, 3la, 192a
Monte Carlo 2, 64, 66, B2, 132, 133, 144, 157, 176, 192a
Pavameters 4, 18, 43, 59, 79, 90, 104, 132, 134, 13¢, 177, 183, 186,
192
PPBS 14, 16, 24, 49, 73, 146, 147, 4Ba
Presen: Value (Uiscounting) 10, 20, 23, 27, 43, 55 56, 57, 58, 59,
64, 68, 71, 73, 75, 80, 94, 104, 115, 123, 137, 141, 152, 153, 170,
; 179, 180, 182
? Probability 19, 64, 66, 79, 82, 90, 102, 116, 118, 119. 125, 132,
: 133, 140, 144, 174, 175, 176, 177, 186, 187, 190
; " Queutng 64, 66, 90, 101, 113, 132, 186, 187
é Regreaslon Analysims 19, 21, 34, 44, 52, 64, 66, 76, 79, 97, 99, 100,
] 105, 116, 118, 134, 174, 176, 177, 178, 185
‘ Rigk and Uncertainty 1, 3, 5, 9, &, 19, 23, 27, 33, 39, 42, 43, 47,
; 48, &5, 56, 57, 59, 84, 66, 68, 7L, 75, 77, 18, 80, 82, 86, 91, 92,
4 97, 100, 102, 108, 111, 112, 114, 115, 121, 123, 128, 133, 135, 140,
: 141, 153, 186, 157, 167, 176, 186, 187, 189, 190, 199
; Sensitivity Analysie 8, 19, 25, 26, 33, 43, 55, 59, 64, 90, 91, 92,
§ 97, 107,.129, 154, 175, 183, 184, 189, 190
Simplex Method 1, 11, 59, 111, 113, 117, 132, 144
Simulation. 1, 8, 43, 64, 66, 82, 90, 97, 102, 113, 114, )15, 122,
132, 133, 135, 176, 187, 189
j Tiwe Phasing 10, 19, 20, 23, 24, 25, 27, 29, 43, 80, 104, 107, 179,
: 1.80
. *Aihllogvaphies &4, 5, 6, 13, 14, 22, 61, 110 5
3
%Glossarier 145 :
*ARegulationa and Dirvectives 16, 26, 17, 51, 56, 59, €8, 69, 70, il, )
72, 90, 147, 151, 163, 172 ,

202

A R Y Y AT E SR TR IR0 LA N kR R e




